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Thb author of this work has been led to its publication 
chiefly throngh the desire of many professional Mends, and 
he would observe, in offering it to the profession, and others 
connected with the measurement of water, that it has been 
his aim not to produce a treatise on Hydraulics, for many have 
been written and leave little or nothing to be desired, but 
rather to introduce a number of Hydraulic FormulcB applicable 
to almost all cases which may be met with in the actual 
practice of the Hydraulic Engineer. 

Neither does the author lay claim to pure originality; 
many of the formulaa have been simplified from other authors, 
and where they have been inserted fall proof of their 
accuracy has been afforded to the author during an extensive 
practice. 

Some of the computations are purely original, notably those 
for distribution pipes in towns. 

The Appendix, No. 1, has been added chiefly for the 
purpose of enabling miners, and others engaged in sluicing 
operations or in the use of water for other purposes, to check 
the quantity of water supplied them, and it is hoped that the 
general arrangement of the whole work is such as to afford 
assistance, not only to the professional Hydraulic Engineer, 
but to those engaged in the use of the water supplied 
them. 

Appendix II. contains numerous worked-out exercises 
which it is hoped will enhance the value of the work. 

T. W. STONE. 

October 5th, 1881. 



CONTENTS. 



t 



■♦' 



CHAPTEB I. 

FAOB 

On the Flow of Watbb ovbb Wjcibs 1 



CHAPTER n. 

On the Disohabge op Water thbouoh Orifices 14 



CHAPTER III. 

On THE Discharge THROUGH Sqort TxTBES 23 



CHAPTER IV. 

On the Flow op Water through Long Pipes, and through 

DisTRiBUTiNO Pipes in Towns 27 



CHAPTER V. 

On THE Flow of Water prom Jets, and the Heights 

attained bt Different Diameters of Jet 52 



CHAPTER yi. 

On the JFlow op Water through Canals, Biters, Aque- 
ducts, etc 54 



• « • 



YUl CONTENTS. 

APPENDIX L 

Special Fobmulje fob Miners and othebs engaged in 

Sluicing, &o * 59 



APPENDIX 11. 

Containing Examples not given in the body of the Wobk 66 



APPENDIX ni. 

GOEFFIOIENTS FOB ShOBT LeTEL TbOUGBS 72 

Tables of GoEFFionorrs, Disohabges, etc 73 



SIMPLE 



HYDEAULIC FOEMUL^E. 



OHAPTEB I. 

Plate L 

OF THE FLOW OF WATER OVER WEIRS. 

Thb velocity of a fjEJling liquid without friction is given by 
the formula 

Y=/2gK [1] 

in which Y equals the velocity in feet per second, g equals 
the force of gravity, and H equals the height in feet fidlen ; 
the value of g varies slightly in different latitudes, but for 
the purpose of hydraulic calculations it may be taken as 
equal to 82*2015, and consequently 2^ in the following 
pages is assumed at 64*403. 

The height due to a given velocity is expressed by the 

formula 

Y3 ya 

2^ ^'64^03' f2] 

the notation remaining the same as for formula [1]. To find, 
therefore, the theoretical velocity of water flowing over a 
weir, the formula 

V=V2^H [3] 

may be modified to 

8*025 X^H. [4] 

For finding the discharge, however, it is necessary, owing to 
the contraction of the fluid vein and friction, to reduce the 

B 



2 SIMPLE HYDRAULIC FORMULAE. 

sectionfti area of the water to f rds of that given by the 
measurement from the sill of the weir to still water, and so 
multiply by a coefficient determined by experiment accord- 
ing to the conditions imder which the weir is placed, the 
area and width of the approaching channel, the thickness and 
form of the crest and weir basin. For it is evident if the 
width of the weir be the same as that of the channel, no con- 
traction will occur at the ends, but if the weir is much 
narrower than the approaching channel, then contraction 
occurs, which, according to Francis's experiments, is found 
to reduce the effective length 0*2 of an inch for each inch 
depth of overfall. A modification of Francis's rule for weirs 
with thin plates is 

G = 2-4953 x{l-0'lnd)x d^''; 
where 

G = gallons per minute ; 

d = depth in inches ; 

n = number of contractions (usually two). 

For the actual velocity then the formula [2J will become 

8-025 X VHxc, [5] 

and for the actual discharge 

D = 8-025 X VHx ex |A; [6] 

in which 

c = the coefficient according to circumstances ; 
A = the area in square feet; 
D = the discharge in cube feet per second ; 
H = the head in feet. 

Tables 11. to VI. inclusive show the generally received 
coefficients for weirs and orifices of different forms. In 
reference to the experiments of Mr. Blackwell, I have altered 
the coefficients given in some works by giving their full 
value. The sectional area of water as taken in these works 
is incorrect and confusing. It should be only f rds of that 
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area, and the full coefficient of experiment taken. From 
these tables it would appear that a coefficient of abont 0* 615 
to 0*62 may be taken for notches in thin plates with square 
edges if the width above the notch is much wider than the 
width of the notch itself. If the edges are bevelled, as in 
the diagram, Plate L, the coefficient rises to ' 667, and the 
discharge can be calculated by the formula 

f /5x6-34xA=:.D; [7] 

in which 

d = depth over sill measured to still water, in feet ; 

A = area in square feet ; 

D = discharge in cube feet per second. 

And as this is a formula in ordinary use where gauges fixed 
according to the diagram are placed across streams for the 
purpose of comparison with rainfall, I have calculated a 
Table, No. I., showing the quantities passing over a weir one 
foot wide for every -^th of an inch up to 12 inches deep, 
and then for every ith up to 24 inches, which is the highest 
flow which can be obtained with accuracy from this formula 
[7], an alteration in the coefficient occurring at greater 
depths. This table only applies where there is no velocity 
of approach, and where the form of the weir and approaches 
are as in the diagram ; in other cases formula [6] must be 
used and the proper coefficient applied. 

Or Velocity op Approach. 

Where the water approaches the crest of the weir with a 
sensible velocity, the discharge is that due to the difference 
of discharge between two weirs, the one having the discharge 
calculated from the measured head plus the head due to the 
velocity of approach, and the other calculated from the head 
due to the velocity of approach only. 

Mr. Neville gives a rule and works out an example, 
page 104, second edition, in which the notch is 7 feet long, 

B 2 



4 SIMPLE HYDRAULIC FORMULAE. 

head 8 inclies, and velocity of approach 16^ inches per 

second, and from this, by equation [42], he calculates the 

discharge as 13*573 cubic feet per second. This rule is, 

however, complicated, and by the rule I have given the 

discharge would be as follows, taking '628 as the 

coefficient : — 

Cube feet 
per second. 

8-025 X yO- 69781 x 0-628 x f X 4-88 = 13-672 

8-025 X VO-03115 X 0-628 x | X 0-21875 = 0-129 L^J 

Difference which equals discharge in cube ^^^Hi 3.543 
per second • . . ) 

The head due to velocity of approach is found by the 

formula 

.3 



(D 



^ , /^^ = head in feet r8Al 

64-403 '- -^ 

Feet per 
second. 

for an observed velocity of 16^ inches per second = 1*35416 

Therefore 

2 



/1-35416Y 



' - — = - 03115, the head in feet required ; 

assuming a coefficient of 0-956 for the channel above the 
weir, which coefficient varies of course according to the 
description of channel above the weir. 

Professor Downing gives a rule where L equals length in 
feet — 



D = c X 5-35 X L X VH^ + 0-03494 x V^ x H^. [9] 

The discharge by this formula, taking c = 0-628, would be 
equal to 13-1712 cube feet per second. I consider, 
however, that [8] is the best and simplest to adopt in 
practice. 
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Op the Flow of Watbe ovkb Submbbgsd Weibs. 

For a submerged weir, or in other words when the tail 
water rises above the sill of the weir, the head to be taken 
becomes the difference of the level of the head and tail 
waters, then the square root of this head multiplied by the 
head from the tail water to the sill of the weir, plus frds of 
the difference in level between the head and tail waters, 
equals the discharge in cube feet per second ; or by formula, 

d = 8-025 X n/H X (D +* X H) X L X c; [10] 
in which 

H = difference of level of head and tail waters in feet ; 
D = „ „ between tail water and sill of weir 

in feet; 
e = coefficient according to circumstances ; 
L = length in feet ; 
d = discharge in cube feet per second. 

When the water approaches the weir with a velocity, the 
discharge becomes 



d = 8-026 X c X L X {D X VH + H' + J 

(H + H'y» - H'^«} [11] 

in which H' equals the head in feet due to the velocity of 
approach taken in feet per second. 

The index 1 ' 5 or | denotes the cube of the square root of 
the expressions to which it is attached, and is easily found by 
multiplying the logarithm of the number to which the index 
is attached by that index. 

For example, what is the value of the expression 

4* or 4}'" ? 

Log of 4 = 0-60206 

1-6 



301030 
60206 



0-903090 
corresponding to number 8 ; 
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consequently 

4* OP 4^« = 8. 

Example of Calculation for Submerged Weir, — What is the 
discharge over a submerged weir (Plate I.) 40 feet long, and 
with the heads as in diagram, and an observed velocity of 
approach of 2 feet per second ? 

First, the head due to velocity of approach is, taking the 
coefficient of * 956, to reduce the observed velocity to the 
theoretical velocity, equal to 



(—S 

\-956; 



= 0-067 feet; 



64-403 

and taking the mean coefficient * 628, we have for 1 foot of 
length 



8-025 X -628 X 1 X {0-8 x ^1*5 + 0-067 + * 
(l-5 + 0-067y«-0-067^«} 

for the discharge in cubic feet per second, equal to 11-68 
cubic feet per second. 

Then 11 • 68 x 40 = 467 • 2 cube feet per second for 40 feet 
wide. The coefficients of the submerged depth, D, and the 
upper part, H, generally differ according to experiments, and 
it is found that from * 5 to * 6 may be taken to represent 
the coefficient for the submerged depth, D, and * 67 for the 
upper part, H. The formula for a submerged weir with these 
coefficients would become 

Lx /Hx {3-56xH + 4xD} [12] 

= discharge in cube feet per second ; with no velocity of 
approach, and all dimensions in feet. Where there is a 
velocity of approach and the coefficients differ, formula [11] 
should be used, using the proper coefficients to each portion 
of the expression. 
Formula [10] is used on the supposition that f H or frds 



SIMPLE HYDRAULIC FORMULA. 7 

of the difference of level in feet between the upper and lower 
waters, plus D, the depth in feet from the lower water to the 
sill of the weir together, multiplied by the length in feet, 
equals the area in square feet to be multipUed by the 
theoretical velocity, or 

8-026 >/H, 

for the theoretical discharge, which again multiplied by the 
coefficient of discharge, according to the nature of the case, 
gives the actual discharge in cube feet per second. And it 
therefore appears that when the water approaches the weir 
with a sensible velocity, the discharge over a submerged weir 
may be taken as the difference of discharge between two 
weirs, that for the first weir being calculated by formula 
[10], H -j- H' being substituted for H, and for the second 
substituting for H in the formula [10] H', or the head due 
to the velocity of approach, and for the expression 
(D -|. f H) X L, an area equal to f H' x L. 

Taking the former example given to formula [11], we 
shall have for 12 inches wide, and taking the coefficient * 628 
for both depths 



8-025 X Vl'567 x (-8 +| 1-567) x 1 X '628 = 11-62 r^^ . 
8-025 X VO-067 x f (0-067 x 1) X -628 = 0-06 *- ■• 

11-66 

equal to discharge in cube feet per second for 12 inches wide. 
Therefore 11-56 X 40 = 462-4 cube feet per second for 
40 feet wide, or a difference of only 1 per cent, from formula 
[11] with much less labour. A few more useful formulsd and 
examples are appended before closing this chapter. 

Having given the depth of water over a weir and the 
length of the same, to find what depth of water will flow over 
a weir with a different length, the discharge remaining the 
same, the following formula may be used : — 
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in which w and Wi equal the lengths of the two weirs, and 
d and d^ the different depths passing over. 

Example, — ^Water flowing down a river rises to a height of 
* 87 feet on a weir 62 feet long ; to what height will the 
same quantity of water rise on a weir similarly circmnstanced 
120 feet long ? 

© X »•«'• 

Log of -516 = -1-71265 



^3= -1-90421 
X2= 2 



-1-80842 
Nmnber corresponding to log * 644. 

Then 0-644 x 0-87 = 0-567 or 6-8 inches = height 
required. 

The fraction § represents the square of the cube root of the 
expression to which it is attached. For example : — 

What is the equivalent of 4^ ? 

Logof 4 = 0-60206 

i 

-^3 = 0-20068 
X2 2 



0-40136 
Number corresponding to log 2*52. 

.-. 4* = 2-62. 

It is also useful sometimes to find the horizontal distance 
to which a cascade from the crest of a weir will leap in the 
course of a given fall below the crest. It may be cal- 
culated by the following rule, supposing a coefficient of 
0-667:— 

V = 8-025 X VH X -667, [12b] 
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which may be reduced to 

i; = 6-36xVh; [13] 

H being the height in feet to still water, and t; the velocity 
in feet per second, remembering that to obtain the velocity 
the proper coefficient to suit the case must always be used. 

Then to find the distance' leaped by the cascade we 
have — 



8-026 8 ^^^ ^' L^*-! 



in which 



z = the given fall in feet ; 
d = the horizontal distance in feet ; 
H = the head to still water over the weir sill in feet ; 
V = the velocity in feet per second. 

Example, — To what horizontal distance will the water leap 
in falling 10 feet from the sill of a weir over which 
the head to still water is 6 inches, using the coefficient of 

•667? 

4 . 

3 VlOx -5 = 2-97 feet. 

To calculate the depth at which the sill of a weir should 
be placed below the original surfAce to ensure a given depth 
di over the original surface, the weir being submerged, the 
following formula may be used : — 

^2 = i r=- * ^i; [17] 

^ c xZx 8-025 X Vdi ^ '' ^ J 

in which 

c = the coefficient of discharge ; 
D = the discharge in cube feet per second ; 
I = the length of the weir in feet ; 

the other symbols as stated above. 



J ^ J ■^ J 
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Or by taking the velocity of approach, if any, into account, 

a ? Adr+hy-^j ^,,^, 

in which 

h = the head dne to velocity of approach. 

Example. — For a river discharging 812 • 5 cubic feet per 
second, and 70 feet wide at surface, to what depth di shall 
the sill of a weir be placed below the original surface to 
ensure the depth of water immediately above it being 
increased by 18 inches or 1 * 5 feet ? We have then, taking 
' 628 as the coefficient of discharge, and as the weir is 70 feet 
wide, 11 * 6 feet per second will pass over each foot. 



<^= tt:: — -. — :r^:::z 7^=5^^ I X 1-6 



11-6 

628 X 1 X 8-025 X VFS 
= 1-88 - 1 = 0-88 = height in feet required; 



the submerged weir must therefore be built * 88 feet hehw 
the surface to raise the head 1*5 feet above the former 
level. 

Taking the velocity of approach into account, the result 
becomes by formula [18], taking the value of h calculated 
from formula [2], and taking the theoretical velocity as 

22 
equal to 2 feet per second ,. ^^ ■ = 0*062 feet head. Then 

64'40o 

for 1 foot in length we have 

11;6 y (l'5 + 0'062yg-0*062tg 

* " -628x1 X8-025 X ^1*5 + 0*062 ^1*5 + 0-062 

, ^^ 1.84 _^ (l-5 + 0-062y<^-0-062tg 

Vl'5 + 0-062 

The latter part of this expression is best done by logarithms. 
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Log of 1-662 = 0-19368 Log of 0-062 = -2-79239 

X 1-5 1-5 1'6 



96840 796195 

19368 279239 



- 290520 - 2 • 188586 

Natural number 1 - 95 Natural nnmber * 015 

Log of 1-562 = 0-19368 
-T- 2 for sq. root 0-09684 
Natural number 1 * 25. 



Then the 


expression becomes 






1-84 -f- 


95-0-015 
1-25 


or 








1-84- 


- 1-03, 


or 








d^ is equal to 0-81 feet. 



The following formulsB give the discharge in cubic feet 
per second through notches of the various forms shown in 
the diagrams, Plate I. 

For 



A, D = T^ X c X 8-025 X c^"* X (2 x t + dh) 

B, D = f X c X Z X flP*" X 8025 

C, D = T^ X c X 8-025 X d^' X {(2x0+(3x6)} 

D, D = c X 8-025 X TT X < X d''; 



20] 

[21] 

22 

23 



which for a right-angled triangle becomes 

D = cx8-025x AxcP'; [24] 

for 
E, D = c X 8-025 X 0-9752 x I X d^''; [25] 

and when the parallelogram becomes a square, 

D = ex 8-025 x VFx 0-34478 x P. [26] 
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For 

P, D = c X 8-026 X -AjK ^ X t^' 
G,D = X 8'026 X Vr x 0-6103 x A 
H,D = ex 8-025 X Vrx 0-9604 x A 
I, D = c X 8-025 X V7x 0-7324 X A 



[27] 
[28] 
[29] 
[30] 



D is equal to dlBcbarge in cube feet per second ; 

c a coefficient according to circumstances (see Diagram) ; 

d the depth in feet. 

t width at top or surface of water in feet ; 

h „ bottom in feet ; 

r the radius in feet ; 

I the length in feet. 

One example will suffice. 

What is the discharge from a triangular notch, the width 
of water or t being equal to 2 feet and the depth or d equal 
to 1-73 feet, and taking a coefficient of 0*617 by [23] we 
have 

•617 X 8-025 X A X 2 X l-73^-« = 5-998. 

Log of 0-617 = -1-79029 Log of 1-73 = 0-23805 

„ 8-025 = 0-90444 1-5 

„ •266or^= -1-42488 

„ 2 = 0-30103 119025 

1-73^* = 0-35707 23805 



0-77771 0-357075 

No. of log 5-993 

Therefore the discharge is equal to 5 - 993 cubic feet per 
second. It may be well to mention that the formula given 
by Professor Thompson for a right-angled triangle for dis- 
charges of from 2 to 10 feet per minute is as follows : — 






Q= 0-317 xH 



i-s 
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in which 

Q is equal to the qnantitj in cube feet per minute, 
n „ „ head in inches, 

and it appears that a coefficient of * 617 used in the formula 
[24] of this work will give the same result as that obtained 
by the Professor in his formula. The advantage claimed 
for a triangular notch is that the coefficient probably remains 
the same for different depths and widths. 

The diagrams in illustration of this chapter are given in 
Plate I., with the coefficients and formula I propose for each 
form. 
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CHAPTER 11. 

Plate II. 

ON THE DISCHARGE OF WATER THROUGH ORIFICES. 

Although the velocity due to the height of water above the 
centre of gravity of an orifice is not strictly the mean velocity, 
stiU for aU practical purposes it may be so taken, and the 
coefficients of discharge given in the tables comprehend the 
correction for the error arising from using the head from 
still water to the centre of gravity of the orifice, and this 
correction becomes inappreciable when the head exceeds three 
times the height of the orifice. 

This Theoretical velocity is found to be equal to the 
expression 

V= 8-025 X Vl^ 

and the Theoretical discharge equal to 

D = 8-025 X VHx A; 
in which 

V = theoretical velocity ; 

g. __ I head of water over the centre of gravity of the 

1 orifice measured to still water in feet ; 
D = theoretical discharge in cube feet per second ; 
A = area of the orifice in square feet. 

Before entering into coefficients which $hould be used for 
obtaining the actual t&ischarge in different cases, it may be 
well to give the general rules for finding the centre of gravity 
of the different shaped orifices which may possibly be met 
with in practice. 

These are the square, the right-angled paraUelogram, the 
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trapezoid, the triangle, the circle, the semicircle, and the 
polygon. 

To find the Centre ofOravity of a Trapezoid (see Plate 11.). 
Let 

a = AL = LD 

h =BK=KO 

8c= EL; 
then 

KG = cx -T-n 

Supposing 6 in the figure, Plate 11., to represent the centre 
of gravity of which it is desired to find the position. For a 
triangle the centre of gravity lies upon the straight line 
which joins the summit to the middle of the base at one- 
third (^) of this line distance from the base; this line is 
easily calculated when the sides of the triangle are known, 
for in the diagram, Plate II., calling the side A B, a ; the 
side A 0, & ; half the side B C or B D, c ; and A D, (2 ; we 
have o^ + 6^ = 2 c^ + 2^^. 

Example, — Suppose we have a triangle each side of which 
is equal to 12" or 1 foot, we have then V + V = 2, and 
half the base is equal to 0-5, then O-S^ x 2 = 0-5; 

.•.2-0-6 = 1-5 
equals twice the square of the line A D on the diagram ; 

.-. VO^ = 0-86. 

Therefore * 86 is equal to the length of the line A D, and 

the centre of gravity is distanced —5— or 0*287 feet from 

the centre of the base. 

The centre of a circle is the centre of gravity. 

The position of the centre of gravity in a semicircle is 

equal to 

0-4244 X R, [34] 

where B is equal to the radius. 
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The centre of gravity in a regular polygon is at its 
geometrical centre. 

It is also necessary in nsing the formula given to be able 
to find the areas of the figures enumerated easily, and though 
these of course may be obtained from any work on mensura- 
tion, it will render this work more complete for reference if 
the modes of finding the areas of the forms of orifice just 
given are inserted. 

For the square. Square its side. 

For the right-angled parallelogram. Multiply one side, 
the larger, by the less. 

The trapezoid. Multiply the sum of the parallel sides 
by the perpendicular distance between them, and half the 
product is the area. 

The triangle. Multiply the base by the perpendicular, 
and half the product is the area. 

The circle. Square the diameter and multiply by • 7854, 
and the product will be the area. 

The semicircle equals half the area obtained for the full 
cu*cle. 

The segment of a circle less or greater than a semi- 
circle. 

Find the area of the sector that has the same arc as the 
segment; find also the area of the triangle whose vertex is 
the centre and whose base is the chord of the segment, then 
the area of the segment is the difference, or sum of these 
two areas, according as the segment is greater or less than a 
semicircle.* 

The regular polygon. First find the interior angle by the 
following rule. From double the number of sides of the 
polygon subtract 4, multiply the remainder by 90, divide 
the product by the number of sides, and the quotient is the 
number of degrees in the interior angle; next find the 
apothegm thus. Multiply half the side of the polygon by 

* To find the area of a sector of a circle, multiply the length of the arc 
of the sector by the radius, and half the product will be the area. 
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tlie tangent of half its interior angle, and the prodact is the 
apothegm. 

Then for the area the following rule may be used. Find 
the continued product of the side, the number of sides, and 
the apothegm, and half the product is the area. 

To find the area of an irregular polygon. Divide the 
polygon by means of diagonals into triangles and trapezoids, 
and find the area of the different figures and add them 
together for the total area. 

Vnien water issues from a circular orifice in a thin plate a 
contraction occurs at about the distance of half the diameter 
of the orifice ; the diameter of this contraction is equal to 
0*784, that of the orifice being 1, and the curve joining these 
two diameters may be taken as having a radius of about 
1 * 22 times the diameter of the orifice, the velocity at the 
orifice itself is therefore less than the velocity at the con- 
tracted portion in the ratio of 1^ to 0*784^ or 1 to 0*615, 
and the actual velocity if the area be taken at the opening 
will become 

8-025 X >/H X 0-615. [35] 

It has been proved from experiment, however, that this 
coefficient of * 615 varies with the form of the orifice, the 
amount of head over it, its position in the sides of the vessel, 
and the proportion its breadth or diameter bears to the head 
of water upon it (see Tables II., &c.). The formula then 
becomes 

D = 8-025 X VH X C X A; [36] 

in which 

D = discharge in cube feet per second ; 

n = head in feet from still water to centre of gravity of 

orifice ; 
= a coefficient according to circumstances (see Plate 

n.); 

A = area of orifice in square feet. 
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SUBMEBOBD ObIFIOES. 

When the water from the orifice discharges into air, the 
head may be assumed as that from the centre of gravity of 
the orifice to the level of still water above the same, as before 
stated ; but nothing could be more erroneous than to take 
this head when the orifice is either wholly or partially sub- 
merged. The head or depth in the first case becomes equal 
to the difference of the pressures, or the difference in height 
between the surfaces of the water on each side of the orifice. 
The discharge for a wholly submerged orifice is therefore 

8-025 X VH'xcxA; [37] 

in which H' equals the difference of level from still water 
between the upper and lower waters (see Diagram 2^ 
Plate n.). 

When the orifice is partially submerged, the submerged 
depth is equal to the difference in level between the height from 
the bottom of the orifice to the surface of the upper water, and, 
the height from the surface of the upper water to the surface 
of the lower water, and the remaining depth to the difference 
between the height of the upper water above the lower, and 
the height from the top of the orifice to the upper water, or 
in the Diagram 8, Plate 11. 

The submerged depth equal to h ^h 
And the remaining depth equal to A — <• 

Calling, then, the submerged depth d and the remaining 
portion c2|, and A the difference of level of the still water on 
each side of the orifice, we have for the discharge of the sub- 
merged portion in cubic feet per second, with all dimensions 
in feet, equal to 

cxlx d^~hx 8-025, [38] 

and for the remaining portion d^ 

I X c X 8-025 X (^^'^ - t^'^) X I; [38a] 
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in which 

c = the coefficient ; 

I = the length in feet ; 

and the other letters signify as stated aboye. 

The discharges foond by forinuIsB [38] and [38a] most 
then be added to obtain the total discharge in cubic feet per 
second. 

This form of the equations is given as the coefficient e may 
be of a different value for the upper and lower depths. If, how- 
ever, it is assumed the same, the following equation mt^ be 
substituted for discharge in cubic feet per second, all dimen- 
sions in feet, and the letters having the same value as above. 

D = c X I X 8-026 x{dx VT+ J x {h^'^^t^'^)). [39] 

On Yxlooitt of Appboaoh. 

When the water approaches a fuUy submerged or unsub' 
merged orifice with a sensible velocity, the following formula 
must be used : — 

D =A X 8-026 X VH X c X y^(l + ^), [39a] 

where 
D = discharge in cubic feet per second ; 
A = area in square feet of the orifice ; 
H = head measured from centre of orifice to still water 
if not submerged, or difference of level between 
head and tail waters if submerged, in feet ; 
c = coefficient according to circumstances (see Plate IL) ; 
n^= the head in feet due to the velocity of approach 
(see [8a]). 

When a velocity of approach occurs in partiaUy submerged 
orifices, substitute in the formula [39] 

k 4- Ht f or A, 

and 

* + Hi for t. 

o 2 
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It is frequently required in connection with lock 
chambers on canals and rivers to find the time that the water 
takes to rise a certain height in the lock chamber when sup- 
plied from the canal, and also to ascertain the time in which 
the water will fall to a certain level in the chamber when it 
is required to empty the lock. 

In the Diagram 4, Plate II., let it be required to know in 
what time the surface water K B will sink a given depth to 
L M ; it is given by the formula 

^ 4:oI^x(^'^+"^--^^) , C40] 

C 

in which 

c = the coefficient ; 

T = the time in seconds ; 

A = the horizontal area of the vessel in square feet ; 

a = the area of the orifice O P in square feet ; 

F and H heights as shown in the diagram feet. 

Example. — ^For a circular tank of 3 feet diameter, in what 
time will the water fall from KB to L M, or a height F equal 
to 5 feet, the total depth H + F being equal to 7 feet ? The 
orifice O P being 1 foot diameter and taking • 628 as the 
coefficient, by formula 



4>012xPX'7854 - ; ^ ^ g . .^^. 

0-628 ^ ^ 

For the time the water takes to rise in a lock chamber to 
the level K L, when filled through an orifice O P from a 
canal or large chamber whose surface always remains at the 
same level, the time in seconds of rising from L M to K L is 
given by the formula 

2 X A X VF p, 

ex ax 8-025' ^^ 

and therefore the time of rising from the centre of the orifice 
to L M equal to — 
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Supposing, therefore, the lower vessel to be at first empty, 
first find the contents in cube feet contained by the vessel 
below the centre of the orifice O P, and call it 0, then the 
time of filling in seconds to the level of the centre of O P is 
given by the formnla 

8-025 X cxax V"H' ^^^^ 

where 

H = the head in feet, as shown in the diagram ; 
a = area of the orifice in square feet ; 
c ^ a coef&cient (see Plate 11.). 

The time, therefore, of filling up to any level L M is equal 
to the addition of the time found by [42] and [43] or 

These formuLe apply to single locks, but the expressions 
for double locks are so easily deduced that it is unnecessary 
to repeat them here. Half the water only is used by pro- 
viding double locks, but the expense is great, and it depends 
much upon the available supply of water whether single or 
double locks should be used ; only half the water is used also 
by locking boats up and down alternately.^ 

To find the quantity of water expended in passing a boat 
through a lock, subtract the amount of displacement from 
the cubic contents of the lock. 

ObIFIOS UlTDBB YaBIABLB HbAD. 

When the head on an orifice is variable, to find the con- 
stant head which would have given the same discharge in the 
p^ Tnfl time the following formula may be used: — 

H-* 
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In which 

H' = the constant head in feet ; 

H = the head of the reBerToii at the commencement of 

the flowing ; and 
& = the head in the Teserroir at the end of the flowing. 



Tiki takxn to Empty a Kesiebtoib uhdeb a Yabiable 

HiAD. 

* Take the areas in square feet of the contoor line at each 
fbot depth, and oonvert this into cnbe feet hj mnltiplying by 
the depth of one foot, and find the time necessary to discharge 
this quantity by the farmnla and ooef&oient applicable to the 
disohar^g orifloe ; prooeed in the same manner to the last 
depth, adding the seTend times together, not forgetting to 
multiply the last time obtained by 2 before adding it The 
lesolt of these additions will be the time taken to emp^ the 
leaervolr. 

The closer the oontonrs an takoik together, the more 
aoooiMte will be the lesulL 



SIMPLE HYDRAULIC PORMULiE. 23 



CHAPTER nL 
Platb HL 

ON THE DISCHARGE THROUGH SHORT TUBES. 

When an orifice is thickened or becomes & short tabe of & 
length of ftbont 2 diameters, the discharge is foond to in- 
crease from that giyen b j an orifice in a thin plate, the con- 
traction in this case being about * 9 when the diameter of the 
tube eqnals 1 and its proportional area 0-9' or «81, bnt this 
coefficient also varies as for an orifice in a thin plate (see 
remarks on causes of variation in coefficientB, Chapter TL\ 
and the formula becomes 

8025X VHx Axc = D; [46] 

in which 

H = the head to stiU water from ihe centre of grayitj 

of the tnbe ; 
A = the area of the tabe in sqnaie feet ; 
c = a coefficient according to eircomstances (see Phite 

m.); 

D = discharge in cubic feet per second. 

It wiU be seen that the tteorefteoZ formula for the discharge 
through a tube is exactlj anulai to that for a thin pkte, but 
that the coefficient of discharge rises from about 0*615 in a 
thin plate to about 0-817 in a short tube of 2 diameters. 

As the mean coefficient for short tubes with square edges, 
about 2 to 2|^ diameters in length, appears bj the tables to be 
' 817, 1 think in practice the formuU [46] maj be stated, to 
saye labour, as below : — 

G = -/Hx «P X 13 ; [47] 

from which we obtain 



(fP X 13) • 



[48] 
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and 

d = \/^=^ ; [49] 

where 

G = gallons per minnte ; 

H = head in feet measured io the centre of the lower end 

of the tube; and 
d = diameter in inches. 

SUBHEBGED TuBBS. 

When the tnbe is wholly submerged, then H in the for- 
mulas [46], [47], [48], [49], becomes the difference of level 
between the upper and lower waters. YHien the tube is 
partially submerged, the formula [38], [38a], [39] for thin 
plates may be used, not forgetting to increase the coefficient 
to 0*817 if the tube have square edges, and to 0*976 if the 
edges are rounded. 

Vklooity op Appboaoh. 

Where the water approaches the tube with a sensible 
velocity, the formulsB [39], [39a] nu^ be used, substituting 

in formula [39] 

^ + Hi fori 
and 

i -(- Hi for t 

(in which the letters have the same signification as in the 
article on thin plates), for partially submerged tubes, and 
increasing the coefficient to * 817 for square edges and * 976 
for rounded ones, or by formula. 
For pariiaUy submerged tubes — 

D = cx^X 8-026 X {dx Vi+Hi + | ..^ . 
X (i + H,y5«(<+ H,y6},» (*^^) 



* When the coefficient yaries for the upper mnd lower depths in a 
partially submerged tube, use formulae [38], Q38a], substituting 

A + Hi for A, and < + H, for t 
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and far tchoUy subaergBd or mmmimanged tabes — 



D = A X 8025 X VH X c X \/ (l + §)» (*»») 

the letters haTing tbe sune mgnificstion as in fenniils r39Aj 
Chapter 11^ and the coeflicient e being tidEen as 0*817 lor 
tabes with square edges, and *976 with^romided edges. The 
coefficients geneiallj admitted for tabes may be given as 
follows : — 

Wben the ends next the r o s cf t uif sie square edged, the 
coefficient is 0*817, as above. 

Wben the ends next the msm f uii sre roonded, the eo- 
efficient increases np to 0*976. 

Wben the pipe projects into the y cs b cI , and has sqosie 
edges, the coefficient is redooed to 0*705. 

In tabes oonTerging, the coefficient varies from 0*858 at 
r to - 844 at 50P, the sectiooal area of the smslkr end bdng 
taken in the formnla [46]. 

For a diveigent tnbe tbe ooeffieieot increases fromO '858,fi>r 
an angle of 1^ toabont 0*885,and at 50^ decreases from *985 
to * 872, the smaller area of the tobe being osed in both esses. 

The discbarge maj even be increased over the tiieoieCicsl 
discharge by a tobe of the following dimenaums (see 
Pbfcte m.). 

The coefficient in this esse sppesrs from YentarTs experi- 
ments to rise to 1*57, the area being tdkioi at the nazxowest 
portion. 

Wbere converging, diverging or the list-named tabes, are 
unmibmerged, parUaOff sabmefged, or wto gj r sabmexged, the 
same theoretical fannalje sie osed as thoo^ the tabe wen> 
of eqoal bore throo^ioat, the eoefficieat only bong altered 
to snit the case, and in converging and diverging tabes the 
area in square feet being tdun at the narrowest portion; and 
it is of the greatest importince in detetminittg the eoefficieat 
to be osed, to observe sceamtely the/ons of the <»fa««f»ff to 
tbe orifice or tabe and its approadies, when it is xeqoixed 
to obtain the froe from the tfaeoretieBl disehargew 
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When a short tnbe is inclined obliqnely (see Diagram 6, 
Plate nL) the coefficients of discharge decrease and vary at 
from 0-806 at 5° to 0-710 at 65° with the horizontal. 

It must be borne in mind that in all short tubes, unless 
the tube be at least once and a half to twice the diameter, 
the coefficient will not be increased beyond that due to an 
orifice in a thin plate, the reason being that the contracted 
yein at less lengths does not fill the diameter of the pipe. 
If the tube is longer than about 2^ to 3 diameters, an extra 
loss occurs also from friction on the sides ; this will be dealt 
with when we come to deal with long pipes under pressure. 
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CHAPTER IV. 
Plates IV. and V. 

ON THE FLOW OF WATER THROUGH LONG PIPES, AND 
THROUGH DISTRIBUTING PIPES IN TOWNS. 

Whbn water flows throngh a series of pipes, three things 
require consideration : the head dne to the velocity of entry, 
the head due to friction, and the head due to change of 
direction by bends ; in long pipes, that is, pipes over 2000 
diameters, the head due to Telocity of entry may be 
neglected, for it bears such a slight proportion to the 
frictional head that it is of no practical importance, bnt 
in short pipes up to 2000 diameters it should never he 
neglected. The friction between the water and the sides 
of a pipe of the length I and diameter d is given by the 
formula 

in which JD equals the "hydraulic mean depth" or 
" hydraulic radius," which, in circular pipes, always equfds 
one-fourth of the diameter, and / a coefficient, the value of 
which is given by Darcy as equal to 



0-005 (l + j3^-^), [51] 



48 xi* 

where ^dia given in feet. 

It is usual, however, in practice, to use a formula in 
which this friction is taken into account, and I have always 
used the following, deduced froiii Eytelwein, which are 
easily worked by logarithms, and give very accurate results, 
except with very low velocities, when a different formula 
should be used, which wiU be given hereafter : — 
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L 
G'X L 
(3d)- 



in whioh 



[63] 



G = gftUons per minate ; 

H = head in feet ; 

d = diunetoi in inohefl ; 

It = length in juds. 
Theoo fbmraliB, which are snitoble for a velocity of 2 to 
8 feet per Booond, do not indnde the head dne to the TOlocity 
of entry or benda, which in aU cases of ehort pipes must bo 
«dded to that necessary to OTercome friction, as found by 
fomuIiB [82] to [55] inolnaiTO, for obtaining the total head 
required for passing a given qnantity ot water. 

The head due to the velocity of entry may be found by 
the formuU [48], supposing that the orifice is of the form 
w-inmng a coefficient of ■ 817, otherwise the formula [461 
w>«rwrf must be Med. applying the right ooeffioient. 

Bm»^ What is the head required to foroo 100 g«Uoiia 
throi^h a 4-inch pipe 100 yawls long? 

Head reqiuied, 

"'k^.^fM,.. (j^y.o-23 

'frU^ .. "W X 100 

(Sx*)- - ' "' 
Tft(^ hQ*d Kqaired in feet „ ^^ 
&(«*»««. of tt,i, pipe i, fl»^„„ 4 ft^ (,, i^ 
' <»" «1~. th. »s*«lic i«ii«„i„ of /pij. 
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being often mistaken for its actnal fall from end to end, let 
us refer to Diagram 1, Plate IV. 

The two pipes AB and CD of the same length have 
precisely the same hydraulic inclination, supposing the 
discharging ends B and D to be on the same level, not- 
withstanding the position of their entrances, A and 0, in 
the vessel, or their actnal inclinations. 

If they be of the same diameter, and the orifices of entry 
similar, the velocities are also the same, and therefore the 
head A, which we will assume as the head due to velocity of 
entry, is similar ; the head, therefore, to be divided by the 
length for the hydraulic inclination of both the pipes AB 
and C D is the total head H less h, the head required for 

velocity of entry, or ~ is equal to the hydraulic inclinations 

ofthepipesinqueBtion. • 

It is the practice of some engineers to obtain the head h 
by first obtaining an approximate velocity, and then, by a 
series of tentative operations, repeating the approximations 
until accuracy is obtained, but this, it appears to me, is at 
least a very clumsy way of attaining the desired end. The 
best plan is to assume any discharge at first, and calculate 
the heads required for velocity of entry, bends, and friction, 
and add these heads together ; the proper discharge may then 
be found by the rule that in any pipe or series of pipes the 
diameter and length being constant the discharge varies 
directly as the square root of the head. 

Example. — What is the discharge through a 6-inch pipe 
8000 yards long with a head of 50 feet ? 

First, assume a discharge of 200 gallons per minute. 

Head required 
in feet. 
/ 200 V 
For velocity of entry * \ 6^ x 13 / ~ ^'182 

200^ X 3000 ^„ ^^ 
For friction •• •• — (3 v 6^^ ' ~ o3'500 

Total head in feet required per 200 gals, per minute 63 • 682 
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Working by logaritbins : 



Log 200 =2*30103 
2-67024 


Log of 6 
X2 

Xl3 

Log of 200 : 
X2 

X 3000 
Log W 

No. to log 

3qiial to 

Gallons per 
minute. 

= 157-03. 


= 0-77815 
2 


-1-63079 
X2 2 


1-55630 
1-11394 


- 1-26158 
No. of log = • 182 

Log of 18= 1-25527 

5 


2-67024 

= 2-30103 
2 


6-27635 


4-60206 
8-47712 




8-07918 
6-27635 


therefore the true discharge is < 

V50 X 200 


1-80283 
63-5 



V 63 -682 

If bends had occnrred in the pipe the head required for 
them would have been added before performing this last 
proportion. 

For pipes with very low velocity it is best to use Prony's 
rule, which modified is 



100 X 



^ 



HMDx g-0-16, 



[56] 



equal to velocity in feet per second, in which HMDs the 
hydraulic radius, or the area divided by the wetted perimeter 



SIMPLE HYDRAtJLIC FORMULA. 81 

T 

both in feet, and =: the hydraulic inclination of the pipe in feet 

(see remarks on hydraulic indinationy 
The role may be altered to 



G = {^(16-363 X ^^^+ 0-00665) - 0-0816| 

X <P X 2-04, [57] 



and to 



{(2W7J'-^''''''l-'''^''}''^ 



H = ' " "' "^ " -, [88] 

16-853 ■• ^ 

where the letters hare the same eignifioation as in fomralA 
[52]. 

Bnles [57] and [58] only give the head required for friction, 
that for velocity of entry and bends mnst always be added. 

There is yet another loss of head to be treated o^ viz. that 
due to bends, the formnlffi for which may be taken aer 
follows : — 



H = {0-131 + (1-847 xQy'}x—g^; [58a] 



V» - 9^0 XH 

i 77v^r» [68b] 

0X {0-131 + (1-847 x(g) [ 

in which 

H = the head dne to change of direction in inches ; 
r = radios of the bore of the pipe in inches ; ' 
B = radius of the centre line of the bend in inches; 
if> = angle of bend in degrees ; 
Y = Telocity of discharge in.fset per second. 

As before stated with regaid to f, the fraction ^ or 8«6 
means the 7th power of the square root of the number to 
which it is attached, or the logarithm of the nnmber mnlti- 
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plied b; 8 ■ 6 gives the logarithm of tLe nnmber raised to the 
8'5 power. 

The preceding formnlte have reference chiefly to circnlar 
pipes, but the discharge of rectongnlar or any form of pipes 
is easily found by finding the hydraulic radius or hydranlic 
mean depth, eqaal to the area divided by the wetted perimeter 
for the form required, and then cfllculatiiig the discharge of 
a pipe of tiie same hydranlic mean depth, which will eqnal 
the discharge required. This is fonnded on the rule that 
the velocity of digcharge, whatever may be the form of the pipe 
or channel, m proportional to the hydraviic mean depth. 

Before applying any of these formulee, however, there are 
several most important subjects to consider. 

A pipe may follow the section of the gronnd so long as it 
Dowhere rise above its hydraulic mean gradient, or virtual 
declivity. Thus in Plate IT., Figure 2, the discharge due to 
the pipe A B, if of equal diameter throughont, is equal to 
the head H and the length AB,h being the bead for velocity 
of entry. 

If, however, the gronnd rises above this line of virtual 
declivity, as in Figure 3, Plate IT., the discbarge of the pipe 
C D, if of eqnal diameter throughout, will ouly be eqnal to the 
head due to the difference of level of G and E, and the length 
E, for the lower part of the pipe would only act ae a trough, 
and convey the water due to the head H for friction, and h 
for velocity of entry. 

The pipe from !F to B would therefore be valueless for 
attaching services to, as the pressure would be lost if a full 
draught prevailed at D. 

The proper way would be to use pipes of two diameters, 

I larger one from C to E, and the smaller one from E to D. 

HiiB shows how important it is in laying ont compound 

ins to first calculate the hydraulic gradients, and then lay 

m on the plotted section of the gronnd, so as to see that 

le of the bill-tops rise above them. 

EVhen a compound main pipe is given, of which it is 

uired to calculate the gradients, the best plan is to asmime 
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any discharge, and calcnlate the head dae to yelooity of entry 
and friction and bends for each pipe on this assumed dis- 
charge ; by this means a total head required for the assumed 
discharge will be obtained, and as the real head will be divided 
amongst the several pipes in the same proportion, the actual 
gradients can easily be calculated and laid on the section. 

Before entering on the subject of the distribution of the 
water in the town after the supply has been brought there by 
the main pipe from the service reservoir, the following impor- 
tant laws with respect to pipes should be well considered. 
Bules [60], [62], and [63], refer only to long pipes, or pipes 
of 2000 diameters. 

[59] When the length and diawieter are constant, the dis- 
charge varies directly as the square root of the head. The 
converse of this is also true, viz. that the head is directly as 
the square of the discharge. 

[60] When the hetid and length are constant, the discharge 
is directly as the 2 * 5 power of the diameter, and conversely 
the diameter is directly as the 2*5 root of the discharge. 
' [61] When the discharge and diameter are constant^ the 
head is directly as the length.* 

[62] When the length and discharge are eongtant, the head 
will be inversely as the 5th power of the diameter, and con* 
versely the diameter will be inversely as the 5th root of the 
head. 

[63] Wheniheheadanddiametervreeonstant^ihedisehATQe 
will be iiufersdy as the square root of the length, and con- 
versely the length is inversely as the square of the discharge. 

[64] If a pipe of uniform diameter has a series of branches 
diverging from it, so that the flow of water through it 
becomes less and less at an uniform rate until the pipe 
terminates at a dead end, the virtaal declivity goes on 
diminishing, being propori i ooal to the square of Qie diitanee 



* The 2 ' 5 power, or hih power of square root, of anj nwoher is foand bj 
mnltiplying the logarithm of the number bj 2'5, and finding the number 
oorresponding to this resoltin^ log. The 2'5 r90t, or aqiure oi the 5th 
root, is found hj diriding tiic log. of the number bj 2'5« 
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from iU dead end, and the excess of the head at any point 
above the head at the dead end is proportional to the aibe 
of the distance from the dead end, and the total virtual fall from 
the commencement of the pipe to the dead end is one third of 
what it would have been had the whole quantity of water 
flowed along the pipe without diverging into branch pipes. 

[65] When a horizontal pipe A B (see Plate IV., Figure 
4), and a head at A, is that due to a velocity in C D, the dis- 
charge from the pipe A B will be equal to that from CD, but 
a peculiar property belongs to the pipe AB in the position in 
which it is here placed, for if we cut it short at any point e, 
or lengthen it to any extent to E, the discharge will remain 
the same, and equal to that through the horizontal pipe C D. 
The velocity in A B (at the angle of incHnation ABC, when 
A C equals the head for friction, or / in the diagram, and 
A B equals C D) is therefore such that it remains unaffected 
by the length A E, or A e, to which it may be extended or 
cut short, and at this inclination the water in the pipe A B is 
said to be « in train," and hence the utUity of fixing a general 
hydraulic inclination for the distribution pipes in a town, to 
be described hereafter. 

We will now proceed, with the aid of these rules, to de- 
scribe the best mode of proceeding in order to determine the 
diameters of the distributing pipes in the town, and to do this 
we will refer to the diagram of a supposititious town water 
supply, and follow step by step the calculations necessary. 

It is proposed to supply a town arranged as in the diagram 
Plate V. (inclusive of increase) with water. By what sized 
mains and distributing pipes will the proposed supply be 
effected, after leaving the service reservoir ? 

As to Quantity, — It is first necessary to estimate the 
quantity of water which will be required.* 

We will assume that 40 gallons per head per day is this 
quantity ; it of course varies in different localities — ^in Eng- 
land, from 25 to 30 gallons per head per day being generally 

This, in some cases, has been done to determine the drainage area 
required to the storage reservoir. 
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ample for all purposes. At this rate (40 gallons), a daily 
supply of 40 X 4000 equal to 160,000 gallons would be 
required in 24 hours. 

It would, however, be exceedingly erroneous to calculate 
the sizes of the distribution mains on this assumption, for it 
is evident that nearly the whole of the supply for domestic 
purposes will be drawn off during a limited number of hours. 
Various estimates have been made of the most rapid draught 
which occurs, and it is evident that this varies much in 
different towns. 

Mr. Hawksley, one of the best authorities on this subject, 
assumes that ^ of the whole supply may be drawn off in 
1 hour, other authorities have found that ^ of the supply is 
drawn off in 1 hour, or the whole supply in 10 hours, and 
due regard must be had to the eventual requirements of a 
town which is likely to increase, in fixing the rate of most 
rapid draught. In the case before us we will assume, with 
Mr. Hawksley, that the whole supply will be drawn off in 
4 hours, and therefore, in the case under our consideration, 
the supply for which the diameters of the mains must be 
calculated will be equal to 160,000 X 6 = at the rate of 
960,000 gallons in 24 hours. 

As to Head, — A proper rate of virtual head must be given 
to the pipes, and as a clear pressure of at least 20 feet over the 
tops of the houses should be left even during the most rapid 
flow of water, in order that the upper stories of the houses or 
places of business may be supplied, and that a sufficient jet may 
be obtained directly from the main in cases of fire, the general 
rate of virtual declivity to be fixed for the distributing pipes 
must depend on the contour levels of the town in question. 

While on this subject, I would suggest that where it is 
proposed to supply a town with water, a plan showing its 
contour lines should be prepared ; this is easily done, if none 
exists, by obtaining the sections of the streets, and from them 
laying down fixed levels on the plan— in fact, in all cases of 
water supply and drainage a plan of this description is in- 
valuable, both for the first calculations of the sizes of the 

D 2 



T 
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<listribntion mains or sewers and for the laying of new mains 
rendered necessary by the want of increased distribution 
owing to an increase in population. It is also necessary in 
large towns to ascertain the proportional distribution of the 
inhabitants in the town, so as to determine the proportionate 
quantity of water required in each district. Eeturning to 
the example under consideration: It is usual, in the first 
place, to calculate a main from the service reservoir to the 
centre of the town of sufficient size to deliver the quantity 
reauired during the most rapid discharge estimated ; this in 
our case is at the rate of 960,000 gallons in 24 hours, or say 
667 gallons per minute. It is proposed to extend the supply 
to the contour line 110 feet below the service reservoir, and 
as it may be necessary to extend it eventually to the contour 
90 feet below same, the available head at this point will be 
90 feet, but as the water should issue at this point with a 
head of 20 feet over the tops of the houses in case of fire, we 
will assume the available head to be 50 feet, which head may 
be assumed as the virtual declivity of the pipes, and be taken 
in computing the size of the main from the service reservoir 
to the centre of the town, by Formula [64] ; the pipe being a 
long one, no notice need be taken of the velocity of entry. 



</ 



Diameter in inches. 



667^452 ^ 3 ^ 3.3^ 



Log 667 = 2-82413 
X2 2 

. 5-64826 
Log 1452 = 3-16196 

8-81022 
Log 50 = 1-69897 

-r-5 7-11125 

1^42225 
26 * 4, number corresponding to logarithm, 

which divided by 3 is equal to 8 - 80, or say 9 inches, and 
adding 1 inch for possible corrosion, say 10 inches. 
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Having now determined the diameter of the main from the 
service reservoir to the centre of the town, and remembering 
that in some towns the estimate of the full quantity in 4 
hours would be too much, 8 or even 10 hours may frequently 
be taken, we will now fix the sizes of the distribution mains 
on the same assumption, and allowing 4 feet loss of head for 
every 220 yards. 

. In adopting the loss of head equal to 4 feet in every 220 
yards, it must be remembered that it is only an assumption, 
and it is not meant in assuming it that the service reservoir 
should be placed at a height above the town which would 
allow of this loss of head in all the mains at one time, for it 
is evident that this would in most cases be impossible, and it 
is also unnecessary, 90 to 150 feet above the highest portion 
of the town to be supplied being in all cases ample. The 
reason that it is best to act in calculating the sizes of the 
distribution pipes on the assumption that a loss of head of 4 
feet in every 220 yards occurs, and that the whole of the 
water taken off from each length has to be passed to the end 
of that length, is that in some few mains this loss may occur, 
and they must be proportioned to the greatest hourly demand, 
even though this demand and consequent loss of head only 
occurred in one length of 220 yards for one second of time. 

It will be evident that with the town under consideration, 
if an actual loss of head of 4 feet in every 220 yards of main 
in the town occurred at one second of time, and an allowance 
be made for discharge imder a clear head of 20 feet over the 
tops of the houses in the highest portions, the houses being 
assumed 20 feet high, that the service reservoir should be 260 
feet above the highest portions of the town it is only placed 
90 feet above, which is of course ample, as hereafter shown, 
for the whole of the services could not be drawing at the 
assumed rate at one time. In the following calculations, 
therefore, it is only assumed in calculating the diameters of 
the different mains that a loss of head of 4 feet in every 220 
yards will occur, the actual capability of the reticulation 
pipes with the service reservoir, at the height shown on the 
diagram, being afterwards determined by Eule [69]. 
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This must be well understood, as errors are frequently 
made by taking a statement as an actual fact, whereas it is 
only an assumption for the purposes of calculation and for 
proportioning eacA pipe to the greatest hourly demand which 
it may possibly have to meet in a second of time, though of 
course all the pipes in the town would not be called upon to 
meet it at one time. 

The part etched and marked ah cd in the diagram, 
Plate Y., is supposed to contain 2000 inhabitants, and there- 
fore requires, on the assumption before stated, a supply at the 
rate of 

2000 X 40 X 6 = 480,000 gallons in 24 hours, 

or say, 

834 gallons per minute. 

The remaining 2000 persons are distributed oyer the 
remainder of the town, requiring a supply at the rate of 

2000 X 40 X 6 = 480,000 gallons in 24 hours, 

or say, 

334 gallons per minute. 

In this town it will be best to first divide the supply 
amongst 3 principal mains running north and south, after- 
wards determining the diameters of the branches by Eule 
[60] ; these mains should run up the streets U T, H Q, 
and K V. The main U T should be capable of supplying 
all the water required as far as the street G E, viz. 366,710 
gallons in 24 hours, or 254 gallons per minute. 

The first 220 yards from C tci D will therefore require a 
diameter equal to the supply of 182,866 gallons in 24 hours, 
or 127 gallons per minute;* and the second 220 yards, 
68,570 ^llons in 24 hours, or 48 gallons per minute. 

The diameters required are therefore as follows by 
Rule [54] :— 



* In all these cases it is assumed that the whole of the water taken off 
from each length has to be passed to the end of that length. 
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Diameter in inchct. 

5 /127* X 220 « ^ ^^ c • 

For first 220 yards ^sj^^^ "^ ^ = ^*^^' say 6 ins. 



• / 48» X 220 



„ second „ V r -^^ = ^'^^' ""^^^ 

And by the diagram, from to B and B to I will be similar 

sizes. 

We next come to the main to be laid np the street HQ. 

This main shonld be capable of supplying all the water 
required as far as GR on the one side and JP on the other ; 
for the first 220 yards, WX, a quantity equal to 228,570 
gallons in 24 hours, or say 159 gallons per minute, is neces- 
sary. Mid for the next 220 yards, or WH, 68,670 gaUons in 
24 hours, or 48 gallons per minute, are required, therefore— 

Diameter in 
ioches. 



. »/159* X 220 



totty^- 



For the diameter firomX to W\/ j -4-3 = 664 

say 6 ins. 

48^ X 220 
„ WtoHx/ ^-^^^ -3 = 349 

say 4 ins. 

And by the diagram from X to T and T to Q the diameters 
will also be 6 inches and 4 inches respectiyely. 

We haye now to consider the main up the street KV. 

For the first 220 yards 68,670 gallons in 24 hours, or 48 
gallons per minute, will be required ; for the second 220 yards 
34,285 gaUons in 24 hours, or 24 gallons per minute. The 
diameters required are therefore as follows, by Bule [64] : — 

IHameter in inches. 

» / 48* X 220 
For first 220 yards .^ j f- 3 = 3-49, say 4 ins. 

, • / 24« X 220 « « ^, 
„ second „ ^ ^3 = 2*66, say 3 ins. 

The main C M throogh the centre of the town shonld also 
have a practical taper. 

For the first 220 yards it will be 10 inches, discharging 
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the full qnantity of 667 gallons per minute, that is up to the 

street FS. 

Diameter in inches. 

* ^6722 X 220 



7 



Between F S and G E /v / ^ 7-3 = 9-4 






„ JP „ KV/v/ -. ^3 = 5-6 



As the head and length used in the ahove calculations are 
eonstanty the diameters of the mains in . any of the above 
streets might have been found bj Bule [60] for example. 
What should the diameter of the main from W to X in street 
H Q be to supply 159 gallons per minute, the diameter of 
the main from C to D being 5*16 inches, discharging 127 
gallons per minute ? 

Then as 

"s/l27:*s/i59':: 5-16: 5-64, 

or the same as calculated before, and the practical diameter 
of the pipe may be taken as 6 inches. 

The rule is worked as follows by logarithms : — 

Log of 159 = 2 -20140 

-^2-5 = 0-88056 
X 5-16 = 0-71264 

1-59320 

-^?yi29 0-84152 

0-75168 
Number corresponding to log 5*^64. 

Having now determined the diameters of the principal 
mains in the town, it will be necessary to find the diameters 
of the branch mains, so that services may be attached for the 
supply of the houses. 
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For tbe cross streets in the most thickly populated part 
we shall require in each 220 yards a quantity of water equal 
to 71,712 gallons in 24 hours, or 49 * 8 gallons per minute. 
The diameters of these cross branch mains may then be 
determined from any one of the principal mains by Bule [60] ; 
say we determine them firom D. 

-^ Diameter 

of Main. 
Inches. 

V^l27 : v/49^ : : 516 : 3-49, say 4 inches. 

By logarithms : — 

Log of 49-8 = 1-69723 

-T-2-6 = 0-67889 
X 5-16 = 0-69897 

1 • 37786 

-r log of ?J/l27 0-84152 

0-53634 
Number corresponding to log 3 - 49. 

Log of 127 = 2-10380 
-r-2-6 = 0-84152. 

And for the cross streets in the other portion of the town to 
deliver a quantity equal to 34,289 gallons in 24 hours, or say 
24 gallons per minute in every 220 yards. 

As 

Diameter 
in inches. 

?yi27 : v/24 : : 5-16 : 2-57, say 3 inches. 

By logarithms : — 

1-38021 



-f-2-5 = 0-55208 
Log 5-16 0-71264 

1726472 

^logof'>/l27 0-84152 

0-42320 
Number corresponding to log 2 * 65. 
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From these calculations and the diagram it is evident, 
therefore, that the streets F S, GR, JP should be laid 
with 4-inch pipes through the most populous parts, and 
8-inch for the other parts. 

With regard to the leading main or supply conduit from 
the storage reservoir to the service reservoir, it should 
always be large enough to convey the full quantity of water 
which it is estimated can be derived from the drainage area, 
rendering necessary an extension only of reservoir room 
when the population requires an increased supply, a much 
less costly work generally than a duplication of the pipe 
lines. 

To check the former computations to see that the theoretical 
dimensions of the main are large enough for the passage of 
the water required, we may reverse the previous calculations, 
and estimate the loss of head occasioned by each branch-pipe 
and the main pipe. 

For calculating the loss of head in the street mains, it is 
best to first find the proportional discharge of each pipe, the 
10-inch main (theoretical diameter 10 inches) being assumed 
at 667 gallons, or the total quantity for the first 220 yards 
above the 6-inch main. 

On this assumption, therefore, and taking the theoretical 
dimensions of the mains, the 10-inch main will discharge 
667 gallons per minute at street C D. The discharge of the 
5-inch main will therefore be 

as 10*» : 6-162» : : 667 : 127 gallons per minute. 

The discharge will therefore be, for the portion of 10-inch 
main between UT and F S, taking at first only 220 yards of 
main to facilitate calculation, 640 gallons per minute.* 

♦ Only 220 yards of each main is at first dealt with, so that Rule [60] 
may be applied, for this rule is only applicable when the head and lehgth 
are constant The total heads required are found afterwards by propor- 
tion, usmg Rule [61], as will be seen hereafter ; the quantities 540, 501, 
459, &c., are, therefore, only assumed quantities for the purpose of con- 
tmuing the calculation. r r u 
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For the next 220 yards the quantity to be dedacted will be 
as 10^'^ : 3-49*« : : 540 : 39 gallons per minute. 

Therefore for the space between F S and G E of the 9-inch 
main the discharge will be 501 gallons per minute. 

For the next 220 yards the quantity to be deducted will be 

as 9-4'''* : 3-49*'' : : 501 : 42 gallons per minute. 

Therefore for the space between GB and HQ, or the 
8-inch main, the discharge will be 459 gallons per minute. 

For the next 220 yards the quantity to be deducted 
will be 

as 8-27* " : 5 •64*" : : 459 : 176 gallons per minute. 

Therefore for the space between H Q and J P along the 7-inch 
main a quantity (assumed) of 283 gallons per minute will 
pass. 

This will be again reduced at cross street J P by 

as 6- 8'" : 3 •49"" : : 283 : 53 gallons per minute. 

The quantity passing along the 6-inch main will therefore be 
230 gallons per minute. 

This will be again reduced at cross street E Y to 

as 5 •6^" : 3 •49*" : : 230 : 70 gallons per minute. 

We have now to find the proportional discharges of 220 
yards of the 3-inch and 4-inch mains in the upper part of the 
town not yet done. 



For 220 yds. 4-in. in street U T, as 5 • 16* " : 3 • 49*" 



n 

n 

99 
99 



99 
99 
99 
99 
99 
99 
9> 



3-in. 
3-in. 
4-in. 
3-in. 
3.in. 
4-in. 
3-in. 



99 
99 
99 
99 
99 
99 
99 



FS, as 3 -49*-" 
GE,as3-49*" 
HQ, as 5^64*" 
JP, as 3 •49*" 
KV, as3-49*" 
DL,as5-16*" 
EI, as 3^49*" 



2-65*" 
2 • 65* " 
3-49*'" 
2 • 65*" 
2 • 65*" 
3-49*" 
2-65*'" 



Gals, 
per min. 

79:30 



39 
42 

176 
53 
70 

127 
30 



19 
21 
53 
27 
35 
48 
15 
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From these calculations we shall be able to compute the 
probable comparatiV'e heads lost in all the mains for 220 
yards of those mains, and so the total head by Bule [61]. 

The head required for the 10-inch main from the servtee 
reservoir to the point on plan will be for the discharge 
of 667 gallons per minute, taking only the theoretical 
diameter. 

Head required. 
Feet 
6673_x_880^^g.^^ 

(3 X 10)« 

We will now find out the head required for each 220 yards 
of the different mains for the proportional discharges before 
calculated, and assuming the 220 yards of 10-inch main as the 
standard discharging 667 gallons per minute for the purposes 
of the calculation. 

Head re- 

qaired for 

220 yards. 

Feet. 

1272 X 220 

For 5 in. theoretical diameter 5 '16 in. /o ^ 5'l 6\g = ^'^^ 

A' oAG' 39^x220 

» 4in. „ „ 3-49 in. ^-3— 3749)5 =2- 66 

42 2 X 220 
4 in. „ „ 3-49 in. TQTTqTJqTfi = ^'^^ 



99 



(3x3-49)^ 



1762 X 220 
„ 6 in. „ „ 5-64 in. (3^5.54)5 =^'91 

532 X 220 
» 4 in. „ „ 3-49 in. p^^-37j5p= 4-91 

702 y^ ^0 
„ 4 in. „ „ 3-49 in. (3^^-3749)6 = ^ • 57 

.r. . 5402 x220 ^ ,, 
^ 10 m. „ „ 10 in. -/g ^ jQ)5- =2-64 

o • o.A ;« 5012 X 220 ^ 

» 9 in. „ „ 9-4 in. __^-_^ 3.09 
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Head re- 
quired for 
220 yards. 
Feet. 
4592 ^ 220 
For 8 Ib. theoretical diameter 8 • 27 in. /o .. o.nrrvR = 4 • 93 



99 



» 



Tin. 



6 in. 



Street. 
UT4in. 

FS Sin. 
GE Sin. 
HQ4in. 
JP 3 in. 
KV3in. 
DL 4 in. 
EI Sin. 



» 



»> 



j> 



» 



9) 



n 



99 



»> 



j> 



99 



(3 X 8-27)' 



. 28 3^ X 220 
^^ '^- T 3X6'8)^ =^'^^ 

2303 X 220 
5-6 in. .0 . . . >^=8-69 



3-49 in. 



(3 x6-6)« 

30^ X 220 
(3 X 3-49)^ 



= 1-67 



192 X 220 ^ ^ 
2*^^"^- (3x2-65p=2-S0 

212 X 220 ^ ^^ 
^•^^"^- (8x2-65)^ =^'^^ 

532 X 220 
^'^^"^' (3x3>49)^ =^-^^ 

2-65 in. |^^4^?.= 5.05 



2-66 in. 



(3x 2-65)« 

352 X 220 
(3 X 2-65)« 



= 8-48 



483 y 220 

15» X 220 
2-65 in. (3 X 2^65p= 1"^^ 



From these calculations we can now determine the head 
lost in all the mains, on the same assumption of 667 gaUons 
per minute being discharged, and if our calculations have 
been done correctly, this should agree with the aUowance 
assumed (see pages 35 to 39), being 4 feet in every 
220 yards, plus the head re<iuired for the passage of 667 
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gallons per minnte through the 10-inch main from the service 

reservoir to the street U T, viz. 10,780 yards, divided by 

220 and multiplied by 4, or equal to 196 feet, and adding 

16*11, the head required for the 10-inch main to street U T, 

brings up a toted of 212*11 feet, with which the following 

calculations of total head required should agree. 

The heads are calculated by Eule [61]. 

Total head 
required. 
Feet. 



street. 






UT 


for 


5 


FS 


n 


4 


GR 


?> 


4 


HQ 


i» 


6 


JP 


>j 


4 


KV 


jj 


4 


CM 


5> 


10 


CM 


J» 


9 


CM 


JJ 


8 


CM 


» 


7 


CM 


51 


6 


UT 


» 


4 


FS 


>» 


3 


GE 


99 


3 


FQ 


»9 


4 


JP - 


» 


3 


KV 


>J 


3 


DLandBN 


JJ 


4 


Eland AG 


19 


3 



99 



11 



11 



11 



11 



11 



11 



99 



99 



11 



>> 



11 



11 



11 



11 



11 



11 



11 



220 
220 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 



: 440:: 


:3* 


: 440:: 


. 2- 


: 440:: 


3* 


: 440:: 


.4* 


: 440:; 


:4- 


: 440:: 


8- 


: 220:: 


2- 


: 220:: 


:3* 


: 220: 


:4* 


: 220:: 


:4* 


: 220:: 


:8* 


: 440: 


:1* 


: 440: 


:2* 


: 440: 


:3* 


: 440: 


:4* 


: 440: 


:6* 


: 440: 


:8* 


: 2200 : 


:4* 


: 2200 : 


:1* 



99 
66 
08 
91 
91 



7 
6 
6 
9 
9 



67 :17 
64: 2 



09 

93 

98 

69 

67 

50 

05 

91 : 9 

05:10 

48:16 

03:40 

56 :15 



3 
4 
4 
8 
3 
6 
6 



187 



Add 4 feet for passing 667 gallons per minute to ) 

street F S (see page 40) > 

Add 16*11 feet per head required in 10-inch main 16 



Total head in feet and decimals .. 



207 



98 
32 
16 
82 
82 
14 
64 
09 
93 
98 
69 
14 
00 
10 
82 
10 
96 
30 
60 



59 
00 
11 



70 



Or a difference of only 4-41, or 2 J per cent., from the total 
head assumed in calculating the distribution pipes. We are 
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now, therefore, enabled by Rule [59] to calculate the actual 
demand which, if made on the town at one second of time, 
still assuming the theoretical diameters, would give a clear 
head of 20 feet over the tops of the houses at the highest 
point in the district under consideration, viz. the 90 feet 
contour line, as follows : — 

Gallons per Gallons per 
minute. minute. 

As V 207 -70 : ^50": : 667 : 827. 

The reticulation of this town may therefore be considered 
sufficient for a supply at the rate of, with the theoretical 
diameters, 327 x 60 x 24 = 470,880 gallons in 24 hours, 
with the service reservoir at its present level, or equal to the 
improbable contingency of the whole population drawing off 
the total supply of 40 gallons per head continuously in 
about 9 hours, and still affording a pressure, in case of fire, 
of 20 feet above the tops of the houses, and equal also to a 
possible emergency of 1760 yards of houses drawing off the 
whole of their projportionate supply in four hours. 

Having now gone into this subject as fully and as accurately 
as the circumstances of the case will allow, a few general 
remarks may be useful to the reader. 

Ist. Where the town is very irregular in levels, or many 
suburbs lying at some distance from it have to be supplied, 
and where, therefore, an excessive pressure would be given 
in the lower portions of the town by placing the service 
reservoir at a sufficient height above the higher portions, it 
is best to supply the town under different zones of pressure, 
as is to my own knowledge done in Manchester and Halifax, 
England. Where also, from the large increase of a town 
population, the higher parts do not obtain a sufficient 
pressure, a series (rf service reservoirs may be constructed 
for each district ; these are then filled in the night, and in 
the day the head, which would otherwise be lost in passing 
the water to the higher districts through the branch mains 
and other reticulation, is gained for the supply of the districts 
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in qnestion; each case, of conrse, varies, and demands its 
own special considerations ; but the principle, such as I have 
laid down for determining the sizes of the distribution 
mains, remains the same. 

2nd. The position of valves, fire-cocks, &c., are not shown 
in the diagram, it would be foreign to the object of this 
work to so show them ; the valves should be placed so that 
as little of the town supply should be shut off as possible 
during the attaching of services or the occasional necessary 
repairs required. 

3rd. In designing the mains or conduits for the supply, a 
special difference always exists in the supply main from the 
storage reservoir to the service reservoir, and the supply 
main from the service reservoir to the town. The first 
named has to supply a constant quantity in the case before 
US of 160,000 gallons in 24 hours. The second named has 
to supply a variable quantity and must be proportionate to 
the greatest estimated hourly draught, or in our case ai the 
rate of 960,000 gallons in 24 hours. 

4th. The larger the service reservoir the better, of course, 
three or four days supply at the greatest estimated hourly 
demand is usually considered sufficient to allow of any 
stoppage between the storage and service reservoirs. 

6th. The distribution pipes should always be connected 
with the main supply from the storage reservoir in case of 
repairs being required to the service reservoir, or in case of 
cleansing, <&c. 

6th. The main object of a service reservoir is to equalise 
the distribution and reduce the supply main from the storage 
reservoir to a minimum (see 8rd remark). 

7tb. All the pipes should be connected with each other in 
the system of distribution, so that the water may have a free 
flow, and as few dead ends put in as possible ; in fact, where 
it is necessary to put an end to the pipe, a branch or turn-up 
fire-cock should be placed so that the mains may be scoured 
occasionally. 

Note referred to on jpage 42. — The proportional discharges 
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vaiy from those for wbidi the diameters of the mains were 
calculated, owing to the assumed constant flow of water of 667 
gallons per minute being distributed amongst them according 
to their diameters. The check of the whole work is that the 
total head calculated from Hhese proportional discharges agrees 
to 2^ per cent, with the total head required, by allowing 
4 feet loss of head in every 220 yards of street main in 
the town in question. 

It may be remarked that the proportional quantity which 
would flow down the actual practical mains laid may be 
easily obtained from the proportional quantities previously 
given for the theoretical mains by Bule [60] ; for instance, 
supposing we require to know the actual proportional dis- 
charge at the end of each 220 yards of the 6-inch main in 
street HQ, the proportional discharge through the theo- 
retical diameter being 176 gallons per minute, we have 

5.6425 . 626 . . 176 . 205 gallons per minute. 

The discharge of the 6-inch pipe is therefore 205 gallons 
per minute. 

To those who are unacquainted with the use of logarithms, 
which are necessary to work all hydraulic calculations easily, 
I would recommend * Chambers' Mathematical Tables ' ; 
they should also take one or two lessons from one com- 
petent to teach, and this will probably be found sufficient. 

On the Flow of Wateb thbough Siphon Pipes* 

Plate VI. 

The siphon is illustrated on Plate VI., Diagram (1), and 
its action may be thus explained. It has been found that a 
column of water 83 or 84 feet high in a hollow tube, wherein 
a vacuum has been formed, can be supported by the pressure 
of the atmosphere upon a water surface, and if we suppose 
that at the highest portion of the siphon c, Diagram (1), a 
partition d is placed, the column between c and A B will not 
only be supported, but it will be forced against the pai'tition 
d with a force equal to the weight of a similar column having 

E 
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a base d aod a height of from 33 to 34 feet, less the differ- 
ence of level between the higher water surface A B and the 
partition d. 

But if the siphon be filled with a fluid, the opposite side 
of the partition d is acted upon by a column with the base d 
and a height equal to 33 or 84 feet, less the difference of 
level between d and the surface of the water D E. It is 
evident, therefore, that this last pressure is less than the 
first, and the consequence is, that if no partition existed, as 
none does exist in the siphon, the liquid section at the 
highest portion of the siphon would be forced forward in the 
direction FCD by a force equal to the difference of the 
levels of the water surfaces A B and D E. 

The head, therefore, to be taken in calculating the dis- 
charge of a siphon when uncovered at the low end is the 
difference of level between the surface of the water at its 
inlet and the centre of the end of the long leg, or difference 
between A B and F, and when both ends are submerged the 
difference between the upper and lower waters, or difference 
between A B and D E, and it is necessary in large siphons to 
have the lower leg immersed to prevent the accumulation of 
air in the lower leg, which would cut off the column. 

For calculating the discharge through a siphon pipe, three 
things must be considered : the head due to velocity of entry, 
the head due to friction, and the head due to the bend at its 
sunmiit ; and the best plan is, when the diameter, length, and 
radius of bend and head are given, to calculate the heads 
required on an asmmed discharge for velocity of entry, bends, 
and friction, and add them together, afterwards finding the 
true discharge by Bule [59] (see example in Appendix of 
examples to this work). 

When the length, head, discharge, and radius of bend are 
given, and the diameter is required, assuTne any diameter and 
calculate the heads required with this diameter, and the 
known discharge and length, for velocity of entry, bends, and 
friction; then by Eule [62] find out what the diameter 
should be with the true head (see example in Appendix). 
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For ifweried sipbons both ends are usoallj submerged, and 
tbe head is the difference of level between the upper and 
lower waters. Bales [62] to [66] inclusiye are used for 
friction^ Bulos [47] to [49] for velocity of entry if a co- 
efficient of 0*817 is required, if not [46] reversed must be 
used, or 



in which 



{(~-7-c)-J. 8-026}'= H; [66] 



D = discharge in cubic feet per second ; 
A = area in square feet ; 
e = coefficient according to circumstances ; 
H = head in feet. 

For bends use Sules [68a] and [68b]. 

The same rules may be used for siphons proper. 

Square siphon pipes, often used for drainage, &c., can be 
assimilated to round ones (see page 82). 

It may be mentioned that the practical depth to which a 
siphon proper should be designed to draw should seldom 
exceed 26 or 26 feet. 



E 2 
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CHAPTEE V. 

ON THE FLOW OF WATER FROM JETS, AND THE 
HEIGHTS ATTAINED BY DIFFERENT DIAMETERS 
OF JET. 

On this subject there are few experiments. From the best 
we have it wonld appear that, although theoretically the jet 
should rise to a height H, owing to the resistance of the 
air it only attains a height H^, and that the difference^ or H^, 
increases with the absolute height of the jet and diminishes 
with an increase in the diameter. It is also found that H^ 
increases nearly in the ratio of the square of the head, and 
that the curve obtained from different heights of jet having the 
same diameter approaches nearly to that of a parabola, and 
that the head being constant, H^ varies in inverse ratio to the 
diameter of the jet. 

From these observed facts, therefore, we may obtain a 
formula which, from the experiments at hand, is the nearest 
approximation obtainable, which is as follows : — 

HI = -5 X -0124; [67] 

in which 

H = the head on the jot in feet ; 

H^ = the difference between the height of head and height 

of jet; 
d = the diameter of the jet in ^ths of an inch. 

The discharge of jets of course varies with the form of the 
nozzle, and may be calculated by the formula 

G= ^/Rxd^xO'22 [68] 

for a nozzle of a good form where the coefficient of discharge 
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is equal to 0*943 of the theoretical discharge, and the co- 
efficient 0*22 in the above formula must be altered to suit 
the case. Some nozzles require a coefficient of only 0*18. 
In the above rule 

n = the head of water in feet on the jet; 
d = the diameter in -|ths of an inch ; 
G =: gallons discharged per minute. 

When a jet occurs at the end of a long main, the head for 
passing the water through that main must be deducted, and 
the actual nett head on the jet taken. The discharge may 
in the first case be ctammed as before shown, and the true 
result obtained by Bules [59], &c. ; and as this system of 
calculation has been so often shown and referred to, it is 
unnecessary to here repeat it. 

There are many interesting theories with regard to the 
paths of jets from oblique and straight nozzles, but as they 
are not of much value in practice, I omit them. 

If mains are laid in a town, it may be mentioned that it 
would not be necessary then to calculate the head lost up to 
the point where the jet is wished to be played, as an applica- 
tion of the pressure gauge to the main during the hours of 
greatest draught would give the working pressure available 
for the playing of the jet. 
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CHAPTEE VI. 

PlATB VIL 

ON THE PLOW OP WATER THROUGH CANALS, RIVERS, 

AQUEDUCTS, ETC. 

Long Channels. — ^The theoretical velocity of water flowing 
through canals, &o., may be found by the formula, 

VHMDxF = V [69] 

and the actual discharge by 

D = VHMD X F X c X A; [70] 

in which 

D = discharge in cubic feet per^ second ; 

V = velocity in feet per second ; 

HMD = the hydraulic mean depth or the area divided 

by the wetted perimeter ; 

F = the fall in 2 miles in feet ; 

c = a coefficient, according to circumstances ; 

A = the area in square feet. 

Formula [70] is only applicable to long channels. 

With regard to the coefficient c for large channels unen- 
cumbered with the growth of aquatic plants, and regular in 
their form, it may be taken as 0*84; for smaller channels 
in the same condition,* as * 76 ; but where the growth of 
aquatic plants is great, M. Girard conceives it necessary to 
multiply the wetted perimeter by 1 * 7 before dividing it into 
the area in order to obtain the hydraulic mean depth, so 
that for channels where the growth of these plants is great 
the hydraulic mean depth must be found as follows : — 

in which 

A s the area in square feet ; 

P = the perimeter, or wetted border, in feet. 
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Short Channda, — ^Nothing, however, oonld be more erroneous 
than to use the formula where the channel is short, for 
instance, for a short culvert under a road, or for a flume 
across a stream, for then the head for velocity of entry must 
be considered. The best way in the case of a short flume or 
culvert, is to calculate the head for velocity of entry and 
friction separately for an assumed discharge, and add them 
together, then the true discharge may found by Sule [69]. 

For example. — What head must be given to a short aqueduct 
or culvert flume 50 feet long and 8 square feet area, and peri- 
meter 8 lineal feet, to discharge 40 cubic feet per second, 
coefficient • 75 ? 

For velocity of entry, 

K40 \ \^ Head in feet. 

~-f-0'75J-i.8-025f = 0-67568. 

For friction^ formula [70] reversed can be used, or 

(5-rc)VHMD = F; [72] 

.*. in our case 

/40 \« Pall in 2 miles. 

(^ 4- 0-75 j -1-1= 43-54. 

The fSeOl, therefore, in 50 feet will be 

Fall in 50 feet. 

As 10660 : 50 : : 43-54 : 0-20615 
Add head for velocity of entry before obtained = 0-67568 



Total fall required in flume = 0*88183 

♦ 

If the discharge had been required for the above flume, the 
head being given, it must be calculated as follows : — 
Assume a discharge of say 32 cubic feet per second. 

For velocity of entry. 

K32 ^ ^^\ „ ^^,12 Head in feet 
-g--T-0-75j^8-025| = 0-4417. 
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For friction. 

/32 \2 Pall in 2 miles. 

^~-r-0-75j -T-1 = 28-44:41 

Then Fall in 50 feet 

As 10560 : 50 : : 28-4441 : 0-1346 
Add head for Telocity of entry before obtained 0-4417 



Total head required for 32 cube feet per second = 0-6763 

The actual given head being 0-88183 feet, we have by 
Eule [69] 

V0^5763 : ^0^88183 : : 32 : etbete?SSnS. 

0-7591 

as against 40 cube feet per second, the difference arising from 
not carrying out the decimal places far enough. 

If the given head of 0-88183 had been taken, and the 
discharge taken by formula [70], we should have had 

Discharge in cube 
feet per second. 

Vl X 186-24 X 0-75 X 8 = 81-84, 

or more than double the true discharge, by not allowing for 
the velocity of entry. 

This should be studied well, as mistakes are frequently 
made, for it will be seen that the head in the case cited to 
produce velocity of entry is actually greater than that 
required for friction, and therefore the head for velocity of 
entry should always be calculated until the length of the 
channel becomes so great that it bears such a slight propor- 
tion to the frictional head that it may be neglected ; even long 
channels or aqueducts should be made rather wider at their 
entrances, and approach the ^'Yena Contracta" form as 
nearly as possible, to allow for the slight head required for 
velocity of entry. 
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On Contractions in Biver Channels. — When the banks of a 
river whose bed has a nniform inclination approach each 
other and contract the width of the channel in any way, as in 
Figs. 1 and 2, Plate YII., the water will rise in the channel 
above the contracted portion A, until the increased velocity 
of discharge compensates for the reduced cross section. 

If we put dj^ for the increase of depth immediately above 
the contracted width in feet, and d^ for the previous depth of 
the channel in feet, we shall find the quantity of water 
passing through the lower depth d^ equal to 

cx ix ^^2 X 8-026 VSTF [73] 

in which I is the width of the contracted portion at A, and e 
a coefficient according to circumstances, and the quantity of 
water overflowing through d^ equal to 

ixexbxd,x V57x 8-026; [74] 
and hence the whole discharge through A is equal to 

B = cxlxS'025^/T,x{d,+ ixd,); [76] 

in which 

D = the discharge in cubic feet per second ; 
c = a coefficient according to circumstances ; 
I sz the width of the contracted portion at A in feet ; 
di and (^2 as shown on diagram and before stated. 

When the object is to find the width I of the contracted 
channel so that the depth of water in the upper reach shall 
be increased by a given depth (2j, we shall find 

Z<=^ =M • r761 

ex 8-026 Vc^iX (d^ + iXd,)' *" -" 

signification of letters as in Bule [76]. 

On Velooitt of Appboaoh. 

When the velocity of approach is considerable, or when 
the height h due to it becomes a large portion of <2| its effisct 
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innst not be neglected. In this case, as before, we find the 
discharge through the depth d^ equal to 

D = c X Z X 4i X 8-025 X V(di+A) [77] 

and the discharge through the depth di equal to 

B^ixcxlx 8-025 X {{d, + hy - V» }, [78] 

and hence the whole discharge is 

D = c X Z X 8-025 X {d,x V(d. + A) + J 

X [(^ + A)^-«-A^T}, [79] 

from which we may obtain 

^ ^ rgQ-j 

"* CX8-025X {cr,x VK + A)+*x[(cri + Ay-«-A»-*]}' ^ 

in which h equals the head in feet due to velocity of 
approach, and the other letters have the same signification 
as in Formula [75]. If the projecting spur at A be itself 
submerged, these formulsa can be extended by finding the 
discharges of the different sections according to the formula 
given and adding them together ; this is so simple, and the 
resulting formula so lengthy to commit to paper, that they 
are omitted. 

These formulas are also applicable to cases of contraction 
of river channels caused by the construction of bridge piers 
and abutments, when the width I is put for the sum of the 
openings between them. The value of the coefficient will 
depend on the circumstances of the case. 

For piers square to the channel take 0*6 

When the angles of the cutwaters are obtuse take * 7 
And when curved and acute take 0*8 



SIMPLE HYDRAULIC FORMULA. 69 



APPENDIX I. 

PLATBS Vni. AND IX. 



The water supplied to miners from the races of the 
Victoria Gbvemment is given in three ways : — 

Ist. Through a gauge box, with a pipe of a length equal 
to two diameters attached, as shown in the Diagrams, 
No. 1, 2, 8, Plate VHI. 

2nd. Through a siphon pipe from the channel, as illus- 
trated in Diagrams 4, 6, Plate YIIL 

8rd. Through a sluice-gate opening of known dimensions, 
and with a stated head kept on it, Diagrams 1, 2, 8, 
Plate IX. The modes of calculating the quantity of water 
passed for these three different methods will now be dealt 
with in as simple a manner as the subject admits of. 

For calculating the quantity of water passed through a 
short pipe of two diameters, with square edges, attached to a 
box, as shown in the Diagrams 1, 2, 3, Plate YIII., the 
following formula may be used : — 

G = >/H"x ^ X 13, 

which, when the diameter is required, may be stated 



and when the head is required 

where 

G = gallons per minute ; 

H = head in feet; 

d = diameter in inches. 
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The Table, No. YII., is calcnlated from this rule, and can be 
extended as follows, this extension being based on one of the 
laws which goTem pipes (see Chapter IV. of this work). 

Bule. — ^The discharge of any pipe or series of pipes is 
proportional to the square root of the head when the length 
and diameter are constant ; therefore, supposing we wanted 
the discharge through a 4-inch pipe with 4 feet head, we 
have by the table for one [1] foot head 208 gallons per 
minute ; therefore, for 4 feet head the discharge will be 

As Vl : V4 : : 208 : 416 gallons per minute. 

By logairiihms. 

Log of 4 = 0-6020600 



Log. of 1 = 0-0000000 -4- 2 0-3010300 
-r 2 = 0-0000000 log of 208 = 2-3180633 



2-6190933 
Log VT= 0-0000000 



2-6190933 
Number corresponding to log 416 

2. Li calculating the quantity of water passed through a 
siphon pipe similar* to the one shown in Plate YIII., Dia- 
grams 4, 5, three things should actually enter into the 
calculation : — 

1st. The head due to velocity of entry. 
2nd. The head due to the bend at the top. 
3rd. The head due to friction in the pipe. 

But as the formula for obtaining the second is very com- 
plicated, and as if a large radius is given to the bend, it 
does not make much difference in the practical result, it may 
be omitted by the practical miner. 

For the first head we shall have, therefore, 
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H 



and for the third 






H = 



G^XL 



(3 X d)^ 

Taking the siphon as shown in Diagrams 4, 5, Plate YIII., 
we will assume at first that the discharge will be 100 gallons 
per minute ; therefore, neglecting the bend, 

For velocity of entry. 

^^^ Head in feet required. 

100 



For friction. 



(^ 



752 X 13 

100^ X 22 
(3x 2-76/ 



:)■ = 



= 0-01034 



= 6-76640 



Total head .. 5-76674 
By logarithms. 

Log of 100 = 2 • 0000000 Log of 2 • 75 = • 4393327 
Log of 2-762x13 = 1-9926088 x2 2 



0-0073912 
X 2 2 


X 13 
Log of 2-76 

M 99 3 

X6 


0-8786664 
1-1139434 


0-0147824 
Number corresponding ' 01034 
Log of 100 = 2-0000000 
X 2 2 


1-9926088 

= 0-4393327 
= 0-4771213 


4-0000000 
X 22 1-3424227 


0-9164540 
6 


6-3424227 
Logof (3x2-76/= 4-6822700 


4-6822700 



• 7601627 
Number corresponding 6-7664 
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Then hj the role before mentioned we have 

Gallons per 
minute required. 

Ab V6-76674: VlO::100 : 131-68 

By hgariihms. 

Log of 10 = 1-0000000 

-i-2 0-6000000 

X 100 2-0000000 



Log of 6 • 76674 = • 7609274 2 • 6000000 

0-3804637 

For square root -f. 2 = 0-3804637 

2-1196363 
Number corresponding to log 131 * 68 

The discharge through the siphon pipe is therefore, neglect- 
ing the bend at the summit, nearly 132 gallons per minute 
if it is wished to include the bend (see Chapter lY., on pipes 
and siphon pipes) ; if the head required for the bend were 
added, if it is of a large radius the di£ference would be prac- 
tically nothing, but if of small radius it should be added, aa 
it would reduce the discharge. 

3. In calculating the quantity of water passed through a 
sluice gaie with side walls, as in the Diagram 1, 2, 3, Plate IX., 
the formula to be used for obtaining the number of gallons 
per minute with a given head and opening is 

G = 8-026 X VS X -6 X A X 6-23 X 60, 

and for the head required on a certain opening to give a 

certain discharge, 

G 



H=<^\6-23 



8-026 i 



8-026 

For example. — ^What will a sluice gate opened 1 foot and 3 
feet wide discharge with a head to the centre of the orifice 
of 1 foot ? By the formula 
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__ Gallons per minute. 

8-025 X Vl X -6 X 3 X 6-23 x 60 = 5399-64 





8-025 
1 


14-4450 
6-23 




8-025 
•6 


433350 
288900 
866700 




4-8150 
3 


. 


89-992350 
60 




14-4450 



6399-641000 

or a little oyer 5399} gallons per minnte. 

If the bead had been required to pass 5399 - 54 gallons per 
minnte tbrongb a sluice opening of 1 foot x 3 feet, 

By formula • 

5399- 54 _ 

,6-23 X 60 • "^y • ""f = Ifoot- 



8 

6-23 
60 



-025 ) 



373 ■ 80)5399 - 54(14 - 446 8)14 - 4450 

37380 

-6)4-8150 



166154 8 -025)8 -025 

149520 

1-000 



166340 and tbe square of 1 is one ; therefore 
149520 the bead required is one (1) foot. 



•J • 



•t J 



168200 

149520 • ^ ^: ' 



186800 
186900 
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The water may occasionally be supplied from a sluice valve 
(see Plate IX., Diagram 4), and then the following formnlaB 
are applicable, assuming that a length of pipe of not more 
than 2 to 3 diameters is attached to it, for if more pipe is 
attached, then the friction in the pipe also must be taken into 
acconnt (see Chapter IV. of this work). Assuming, therefore, 
that the pipe is not longer than twice or three times the 
diameter of the sluice valve we may use 

G = Vlffx (2*X 10 

H - f ^ Y 



V VH X 107 



For example. — What is the discharge of a sluice valve 
4 inches in diameter with a head on the centre of the valve 
of 1 foot ? By the formula* 

VlX 4« X 10 
= 1 X 16 X 10 
16 X 10 
= 160 gallons per minute. 

If the head is required to discharge 160 gallons per 
minute, we have 

/ 160 Y 

W X 10/ 

160 



160 
For diameter we have 



= 1 foot. 



. * • ■» « 

< • * • w 



V( vTxio) 

/160 

V "10 

s V 16 s 4 inches. 



} 
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Mode of reading the Water Meter, — The water meter index 
is represented on Plate IX., Diagram 5, and is read as 
follows: — The pointer (A) has reference to the outer or 
'* tens " circle divided into ten equal parts of 100 gallons each, 
numbered 100, 200, &c., to 1000, and each divided into ten 
equal parts of 10 gallons each. The large central hand B 
has reference to the inner or '* thousand " circle divided into 
ten equal parts of 10,000 gallons each, numbered 10, 20, &c., 
to 100, and each divided into ten equal parts of 1000 gal- 
lons, the whole revolution of the hands showing 100,000 
gallons. In addition to these hands, another hand C, com- 
plete in a dial of its own, measures 1,000,000 gallons for a 
complete revolution, each division (of which there are ten) 
numbered from 1 to 10, showing 100,000 gallons. In order 
to estimate the quantity of water which has passed through 
the meter, the various amounts as registered by the various 
hands must be added together, care being taken only to count 
completed divisions ; thus, in the diagram the hand C has 
completed one division of 100,000 gallons, the hand B has 
completed 70 divisions of 1000 gallons each, making 70,000 
gallons, the pointer A stands at 500 gallons, and has con- 
sequently registered 500 gallons, therefore we have 

Hand C 100,000 

B 70,000 

Pointer A 500 



Total gallons 170,500 

170,500 gallons is therefore the quantity which has passed 
through the meter since all the hands stood at 0. Sometimes 
another small dial is added registering 10,000,000 gallons, 
but the principle of adding the registers of each finger and 
the pointer together remains the same. Where a meter does 
not stand at when it is fixed, it is necessary to record its 
reading, this reading is then subtracted from any future 
reading, and the result is the number of gallons passed since 
the meter was fixed. 
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APPENDIX II. 

CONTAINING EXAMPLES NOT GIVEN IN THE BODY OF 

THE WORK. 



Examples fob Siphon Pipes. 

Sui^POSE a siphon j^rojper, with a head of 10 feet, a diameter 
of 9 inches, and a length of 500 yards, and a bend of 8 feet 
radius at the top, what is the discharge, the inlet requiring 
a coefficient of 81? First assume a discharge of 200 
gallons per minute. 

Head for velocity of entry. 



/ 200 \ 

V(13x 2")) 
For friction, 

200' X 50 

(3 X 9)* 
For bend, 

j„.:si^(i.8«x(t|)"))xi:?^?»=.««. 



Head in feet. 
= 0-086 

= 1-893 



Total head required for 200 gallons per minute .. 1*430 

By logarithaSf for velocity of entry. 

Log of 9 = 0-9542425 

X 2 = 1 • 9084850 
X 13 = 1-1139434 

Log of (13 X 9') 3 0224284 
Log of 200 = 2-3010300 
Log of (13 X 9') = 3-0224284^ 

- 1-2786016 
X2 2 

- 2-5572032 
Kumher corresponding to log, * 036. 
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For friction. 

Log of 200 = 2-3010300 



X 2 = 4-6020600 
X 600 = 2-6989700 



7 '3010300 
Log of (3 X 9)*^ = 7-1668190 

0-1442110 
Number corresponding to log, 1'393. 

For bend. 

4-6 



Log of 3 = 0-4771213 
Log of 9 = 0-9642425 

1-4313638 
X6 5 



7-1668190 



96 
and log of this is equal to 



= 0-047, 



-2-6720979 



X 3-6 = - 6-3523426 
Log of 1-847 = 0-2664669 



- 6-6188095 



Number corresponding to log : 0-00004157 
Log of 1 • 21 = • 0827854 +0-131 



X 2 = 0-1655708 
X 90 = 1-9542425 



= 0-131 say, 



2-1198133 
-r960 = 2-9822712 



- 1 - 1375421 
Log of 0-131 = - 1-1172713 

-2-2548134 

-01798 number corresponding 

to log ; 

then •01798-T-12 = -00149. 
Then by Eule [59] we have 

As Vi-43 : VIo : : 200 : 528 gallons per minute. 

P 2 
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By logarithms. 

Log of 1-43 = 0-1653360 

^ = 0-0776680 
Log of 10 = 1-0000000 



-4-2 = 0-6000000 
X 200 = 2-3010300 



2-8010300 

-7- V 1-43 = 0-0776680 



2-7233620 
628 - 8 number correBponding to log ; 

the siphon will therefore discharge 628 gallons per minute. 
Suppose, again, we required the diameter of a siphon pipe 
to discharge 606-38 gallons per minute, that it was 600 
yards long, and the bend the same radius, then we must 
assume a diameter at first ; say we assume 6 inches, then we 
have with this assumed diameter : — 

For velocity of entry. 

Head in feet. 

For bend. 

Total head required with 6-inch pipe for 

606-38 gallons =69-021 

By logarithmSf for velocity of entry. 

Log of 606-38 = 2-7044677 
„ (13 X 62) = 2 - 6702469 

0-0342218 



For friction. 



X 2 = 0-0684436 
Number corresponding, 1 - 17. 
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For friction. 

Log of 506 -38 = 2-7044677 



X 2 = 5-4089354 
X 500 =2-6989700 



8-1079054 
Log of (3 X 6)5 = 6 • 2763625 



1-8315429 
Number corresponding, 67 • 85. 

The working of the bend formula is not placed here ; an 
example has before been given. The result is as above, 
- 001 feet. 

Then by Eule [62] we have 

Inches. 

-^10 : -5^69-021 :: 6 : 8-82 diameter; 

therefore with 10 feet, 500 yards length, and 506 - 38 gallons 
per minute discharge, a diameter of say 9 inches is required. 

Log. 10 = 1-0000000 



4-5 = 0-2000000 
Log. of 69 -021 = 1-8389812 



^5= 0-3677962 
X 6 = 0-7781513 



__ 1-1459475 
-T- >5^10 = 0-2 



0-9459476 
The number of which is 8 • 82. 

It must be remembered that Eule [62] is only strictly 
applicable when the pipe is a long one, or at least 2000 
diameters. ^ 
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Examples for jets. 

To what height will a jet rise with 20 feet head on the 
nozzle, and a nozzle of f ths of an inch ? By Formula [67] 

Difference between height of 
head and height of j^t. 

~ X -0124 = -0496 
o 

The jet wonld therefore rise 19* 9504 feet. 

What discharge will a f ths jet give with 20 feet head on 

the nozzle ? By Eule [68] 

Gallops per minate. 

V20x 52 X 0-22 
= 4-47x25x -22 = 24-685 

The nozzle would therefore deliver a little over 24^ gallons 
per minute. 

As FormuleB [79] and [80] are of rather a complicated 
nature, though unavoidably so, to those not used to written 
formula, I append examples. 

In Plate VIII., Figs. 3 and 4, the total width of the 
river is 80 feet, but by the piers and abutments it is con- 
tracted to 60 feet ; that is, the spaces A, B, C between the 
piers only measure 20 feet each, what is the discharge in 
cube feet per second, the theoretical velocity of approach being 
equal to 2 feet per second, the depth d^ equal to 1 foot and 
the depth ^2 to 2 feet ? 

1st, the head due to the theoretical velocity of approach of 

2 feet per second, corresponding to an actual velocity of about 

1*91 foot per second, is 

22 
nA.r)^ or equal to • 062 feet, 

Now by Formula [79] we have 

0-6 X 60 X 8-025 x {2 x V(l + 0-062) + f 

X [(l + 0-062)i-6- 0-0621*^]} 

= 288-9 X {2-06 + f x [1-094 - 0-015]} 

= 288-9 X {2-06 +0-719} 

= 288-9 X 2-779 

= 802 * 85 the discharge in cube feet per second. 
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Assuming a discharge of 802 * 85 cubic feet per second, and 
the depths d^, d^ the same, as also A or the head due to the 
velocity of approach, we have by Formula [80] for the length 
in lineal feet of the openings added: — 







802-85 






•6 X 8-025 X 


{2 


X V(l + 0-062)+| 
-.0-0621-5]} 


f[(l + 0- 


062)i« 






802-85 






4-815 


X 


{2-06 + J [1-094 - 


0-015]} 








802-85 







4 


•815 X 12-06 + 0-719} 




802-85 




4-815 X 2-779 




802 85 




13-38 




= 60 



The length of the spaces A, B, C, Diagram 3, is therefore 
60 feet, as assumed in Formuk [79]. 

On page 28 I say that the Formula 46 reversed should be 
used when a different coefficient from • 817 is required. For 
those unaccustomed to these matters it is here given reversed, 
as follows ; — 



where 



Kx"^'')"^^'^^^}'"^' 



D = discharge in cubic feet per second ; 
A = area in square feet ; 
c = coefficient according to circumstances ; 
H = head in feet. 
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APPENDIX ni. 



A FEW remarks are necessary, to make this work complete, 
on the coefficients to be used when the notches A, shown 
in Plate I^ Diagrams A to I, become short level troughs or 
level shoots. 

First, when the orifice becomes a short trough of about 
once and a half to twice its width the coefficient rises from 
"615 to '667, and even '75 under favourable conditions of 
entry ; when the trough, if about 12 inches square, becomes 
3 or 4 feet long, the coefficient to be used falls to * 5, and to 
still less as the length of the trough increases ; when, however, 
the trough is longer than 4 to 5 feet, the formula for short 
channels should be used as shown in Chaper YI. 

The coefficients for orifices of the form shown in Plate I., 
Diagrams A to I, are therefore 

For thin plates "615. 

For troughs li the width in length .. .. '667 to '75 
For troughs 12 inches square and 3 feet long * 5 

The formulsB remaining the same for each form, but the 
coefficient being altered as above. 
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Table L — Discharge over a Weir Twelve Inches Wide. 



Coefficient 5*34. Rule: — | /v/ Depth in Feet, x 6-84 x Area in Feet = 

Discharge in Cubic Feet per Second. 



Depth 

in 
inches. 


Cubic feet 
per second. 


Gallons 
per hour. 


Gallons per 
24 hours. 


Depth 

in 
Inches. 


Cubic feet 
per second. 


Gallons 
per hour. 


Gallons per 
24 hours. 


i 

1 

i 

1 

A 

4 

1 




•001338 
•003786 
•006955 
•010702 
•014967 
•019675 
•024793 
•030280 
•036133 
•042319 
•048813 
•055638 
•062734 
•070100 
•077745 
•085635 


80 

85 

156 

240 

836 

441 

556 

679 

810 

949 

1094 

1248 

1407 

1572 

1744 

1920 


721 

2038 

3744 

5760 

8056 

10590 

13345 

16292 

19449 

22779 

26274 

29948 

83768 

37732 

41848 

46094 


2j' 
f 

2« 
3 


•313460 
•825920 
•838490 
•851272 
•864200 
•877292 
•890531 
•403928 
•417475 
•431168 
•444972 


7080 
7309 
7591 
7878 
8168 
8462 
8759 
9059 
9363 
9670 
9979 


168726 
175483 
182199 
189080 
196089 
203086 
210212 
217423 
224715 
232086 
239516 




•458961 
•473087 
•487338 
•501731 
•516311 
•530997 
•545820 
•560744 
•575833 
•591068 
•606415 
•621906 
•637463 
•653242 
•669108 
•685108 


10293 
10610 
10930 
11258 
11579 
11909 
12241 
12576 
12914 
13256 
13601 
13948 
14297 
14651 
15006 
15365 


247046 
254649 
262320 
270068 
277915 
285821 
293800 
301832 
309955 
318155 
326416 
334755 
843128 
S51622 
360161 
868774 


\t 

It 
If 

If 




•093790 

•102187 

'110825 

119674 

•128191 

' 137617 

•147616 

•157330 

167270 

177409 

187745 

198276 

208996 

219879 

230965 

242213 


2104 
2292 
2485 
2684 
2888 
3086 
8310 
3528 
8751 
8979 
4210 
4447 
4687 
4931 
5180 
5432 


50484 

55004 

59653 

64410 

69320 

74075 

79450 

84686 

90037 

95494 

10*1058 

106726 

112497 

118355 

124322 

130376 


it 
it 

it 


•701240 
•717583 
•733855 
•750353 
•766975 
•783721 
•800568 
•817554 
•834616 
•851836 


15727 
16094 
16459 
16829 
17201 
17577 
17955 
18336 
18719 
19104 


377457 
386258 
395013 
403894 
412841 
421856 
4309^3 
440077 
449251 
458519 


2A 




253663 
265277 
277073 
289021 
301164 


5689 
5949 
6214 
6482 
6754 


136536 
142791 
149140 
155566 
162108 



Note. — ^The head to be measured from still water and the weir to have a thin 
edge and clear overfall. This Table is not applicable where there is velocity 
of approach. 
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Table L — ^Discharge Over a Weib Twelte Inches Wipe— canftntierf. 



Depth 

in 
inches. 


CnUc feet 
per second. 


Gallons 
per hour. 


Gallons per 
24 hours. 


Depth 

in 
inches. 


Cubic feet 
per second. 


Gallons 
per hour. 


Gallons per 
24 hours. 




•869171 
•886598 
•904178 
•921847 
•939623 
•957528 


19493 
19884 
20278 
20675 
21074 
21475 


467851 
477231 
486694 
496204 
505773 
515411 


7i 

7A 
7» 

I* 

74 

7il 
7J 

' 8 

1 


1-67187 
1-69354 
1-71530 
1-73716 
1-75911 
1-78114 
1-80328 
1-82550 
1-84781 
1-87021 
1-89272 
1-91530 
1-93797 


37496 
37983 
88471 
38961 
39453 
39947 
40444 
40942 
41444 
41945 
42449 
42956 
43464 


899919 

911585 

923301 

935065 

946879 

958738 

970654 

982617 

994672 

1006680 

1018790 

1030950 

1043150 


^* 

^■^ 

5U 

6 


•975547 
•993569 
1-01180 
1-03018 
1-04862 
1-06718 
1-08586 
1 - 10464 
1-12343 
1 - 14252 
1-16159 
1-18078 
1 • 20009 
1-21951 
1-23904 
1-25865 


21879 
22283 
22692 
23105 
23518 
23934 
24354 
24774 
25197 
25622 
26052 
26483 
26916 
27351 
27789 
28229 


525110 
534811 
544627 
554519 
564444 
574434 
584489 
594595 
604739 
614928 
625245 
635584 
645975 
656427 
666940 
677498 


If 

8| 
8iV 

8| 
1 8} 

8U 

1 


1-96072 
1-98359 
2-00650 
2-02954 
2-05264 
2-07585 
2-09914 
2-12252 
2-14598 
2-16952 
2-19313 
2-21686 
2-24066 
2-264/)3 
2-28823 
2-31229 


43975 
44488 
45000 
45518 
46036 
46557 
47079 
47604 
48130 
48683 
49187 
49719 
50253 
50789 
51320 
51860 


1055400 
1067710 
1080018 
1092442 
1104880 
1117368 
1129907 
1142494 
1155122 
1167791 
1180501 
1193273 
1206086 
1218934 
1231690 
1244640 


6-2»- 


1-27838 
1-29821 
1-31813 
1-33814 
1-35828 
1-37851 
1-39884 
1-41926 
1-43967 
1-46042 
1-48113 
1-50195 
1-52279 
1-54380 
1-56489 
1-58610 


28671 
29116 
29563 
30012 
30463 
30917 
31373 
31831 
82289 
32754 
33219 
33686 
34153 
34624 
35097 
35573 


688116 
698791 
709511 
720288 
731122 
742012 
752960 
763946 
774936 
786100 
797251 
808456 
819674 
830984 
842340 
853754 


"x6 


1^ 


2-33644 
2-36064 
2-38485 
2-40930 
2-43374 
2-45826 
2-48293 
2-50759 
2-53239 
2-55751 
2-58223 
2-60727 
2-63237 


52401 
52944 
53487 
54036 
54571 
55134 
55687 
56240 
56796 
57359 
57914 
58475 
59068 


1257640 

1270665 

1283700 

1296856 

1309714 

1328212 

1336490 

1349764 ' 

1363113 

1376636 

1389932 

1403419 

1416930 


7A 


1-60740 
1-62879 
1-65029 


36051 
36530 
37012 


865219 
876735 
888302 
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Table I. — Dischaboe oveb a Weib Twelve Inches WiDE^-oontinued, 



Depth 

in 
inches. 


Cubic feet 
per second. 


Gallons 
per hour. 


Gallons per 
24 hours. 


Depth 

in 
inches. 


Cubic feet 
per second. 


Gallons 
per hour. 


Gallons i>er 
24 hours. 


2^ 


2-65758 
2-68285 
2-70815 


59604 
60170 
60738 


1430500 
1444103 
1457722 


13f 

14 

14i 

IH 
14| 

15 

15i 

15^ 

15$ 

16 


4- 

4- 

4- 

4- 

4- 

4' 

5 

5' 

5' 

5- 


36667 
4S608 
60679 
72876 
85137 
97528 
10024 
22593 
35300 
48108 


97933 
100613 
103321 
106056 
108805 
111585 
114388 
117207 
120057 
122929 

125809 
128731 
131674 
134627 
137609 
140615 
143640 
146679 
149750 
152826 
155945 
159078 
162221 
165395 
168590 
171795 


2350400 
2414720 
2479706 
2545360 


ior 

10* 
lOf 

lOii 

lor 
iff 

lou 


2-73364 
2-75906 
2-78467 
2 81033 
2-83610 
2-86192 
2-88783 
2-91380 
2-93983 
2-96596 
2-99218 
3-01847 
3-04485 
3-07126 
3-09778 
3-12439 


61310 
61880 
62454 
63030 
63607 
64187 
64768 
65350 
65934 
66520 
67108 
67698 
68289 
68882 
69476 
70073 


1471440 
1485124 
1498906 
1512720 
1526591 
1540493 
1554437 
1568416 
1582427 
1596492 
1610607 
1624756 
1638950 
1653170 
1667445 
1681770 


2611338 
2678052 
2745316 
2812972 
2881370 
2950313 


16i 

16^ 

16f 

17 

17J 

17i 

17! 

18 

^ 

18| 

19 

19i 

19i 
19f 

20 


5- 

5" 
5- 
6' 
6' 
6- 
6' 
6" 
6' 
6- 
6- 
7' 
7' 
7- 
7' 
7" 


60983 
73978 
87099 
00264 
13563 
26967 
40427 
54001 
67692 
81108 
95318 
09285 
•23297 
37449 
51696 
65985 


3019614 
3089562 
3160190 
3231053 
3302635 
3374780 
3447240 
3520301 
3594000 
3667825 


i{^ 

111 
llj 


3-15071 
3-17774 
3-20456 
3-23151 
3-25845 
3-28552 
3-31263 
3-33980 
3-36703 
3-39443 
3-42180 
3-44931 
3-47686 
3-50451 
3-58220 
3-55996 


70664 
71270 
71873 
72476 
73080 
73687 
74295 
74905 
75515 
76130 
76744 
77360 
77978 
78599 
79220 
79842 


1695939 
1710487 
1724960 
1739430 
1753931 
1768502 
1783100 
1797722 
1812380 
1827125 
1841860 
1856661 
1871490 
1886380 
1901287 
1916230 


3742701 
3817880 
3893304 
3969480 
4046170 
4123080 


20J 
20i 
20| 
21 

2U 

21 f 

22 

22i 

22i 

22J 

23 

23i 

23i 

23i 

24 


7' 
7 
8 
8" 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
10 


80392 
'94911 
09464 
'24154 
38933 
•53762 
'68687 
• 83736 
•98812 
•14001 
•29313 
•44643 
•60091 
•75635 
•91218 
•0694 


175026 
178282 
181546 
184841 
188155 
191481 
194829 
198204 
201585 
204992 
208426 
211865 
215329 
218815 
222310 
225834 


4200633 
4278782 
4357120 
4436190 
4515740 
4595562 
4675901 
4756904 
4838051 
4919810 
5002230 
5084770 
5167900 
5251570 
5335450 
5420031 


12i 

12f 
13 
13i 
13^ 


3-67195 
3-78481 
3-89889 
4-01431 
4-13042 
4-24790 


82354 
84886 
87444 
90033 
92637 
95272 


1976500 
2037260 
2098661 
2160790 
2223290 
2286535 
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TABLE III. 

The following table exhibits the results of experiments made 
on the canal at Languedoc by Lespinasse, on a slnice gate 
of a breadth of 4* 266 feet. The woodwork which surrounded 
this orifice was • 886 foot thick, and even 1 • 772 foot thick 
on the lower edge, also when the gate was raised only slightly 
the contraction ceased on all four sides, and the coefficient 
increase considerably; for example, the gate being only 
raised 0-394: foot, had for a coefficient 0-803,* while 
with 1-509 foot opening a coefficient of only 0*641 was 
obtained. 



Openings. 


\ 

Head on the 
centre of orifice. 


Discharge in one 
second, cube feet. 


Ckiefficient. 


Area, sq. feet. 


Height, feet. 




7-745 


1-805 


14-554 


145-292 


•613 


6^992 


1-640 


6-631 


92-635 


•641 


6-992 


1-640 


6^247 


88-221 


•629 


6-466 


1-509 


12-878 


138-937 


•641 


6-723 


1-575 


13-586 


.128-764 


•647 


6-723 


1-575 


6-394 


83-948 


-616 


6-723 


1-575 


6-217 


79-857 


•594 


6-717 


1-575 


6-480 
Mean 


85-219 
coefficient .. 


•621 
•625 



* This was probably due to the orifice becoming a rectangular tube 
when slightly raised. 
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SIMPLE HYDRAULIC FORMULiE. 
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SIMPLE HYDRAULIC FORMULA. 



Table VII.— Showinq the Disohabgeb thbough a Shobt Pipe of 

Two DiAMETEBS OOMINa FBOM A BoX, AB BHOWN ON DiAGBAM 1, 

Plate YIII., with a Head on the Centre of the Pipe* of 
One (1) Foot. 



Diameter 
in inches. 



1 

li 
2 

2i 
3 
3J 
4 

4i 
5 
5J 
6 

6* 
7 

7h 
8 

8i 

9 

9J 
10 
lOi 
11 

Hi 

12 



DiBchargein 

gallons per 

minute. 



3-25 

13-00 

29-26 

52-00 

81*25 

117-00 

159-25 

208 00 

263-25 

325 00 

393-25 

468-00 

549-25 

637-00 

731-25 

832-00 

939-25 

1053-00 

1173-25 

1300-00 

1433-25 

1573-00 

1719-25 

1872-00 



Discharge in 

gallons in 

8 hours. 



1,560 

6,240 

14,040 

24,960 

39,000 

56.160 

76,440 

99,840 

126,360 

156,000 

188.760 

224,640 

263.640 

305,760 

351,000 

899.360 

450,840 

505,440 

563,160 

624,000 

687,960 

755,040 

825.240 

898,560 



Rrkarkr. 



The head assumed to give 
the discharge shown is in all 
oases one foot in this table. 

The discharge for any other 
head may be found by the rule 
that the discharge is propor- 
tional to the square root of the 
head. 

A sluice head in Victoria is 
equal to about 200,000 gallons in 
24 hours, therefore a 4-inch pipe 
in a box of the desoription 
shown in Plate YHI. should 
have a head of 0-668 feet or 
8-^ . inches over the centre of 
the pipe to give one ** sluice 
head." 

The head should be measured 
to still water— or an addition 
made for velocity of approach. 



* This pipe is supported to be horizontaL 
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F<yr Index to Tables, seepage 90. 

FAGB 

Action of siphon, explanation of ,, 49-50 

Aotnal discharge oyer weirs 2 

velocity over weirs .. .. .. ., .. .. 2 

Advantage of triangnlar notch .. .. .. .. .. 13 

Approach, velocity of, effect of, on contractions in river channels 57-58 

on discharge through orifices 19 

— ' — short tubes 24-25 

on submerged weirs 5 

^^^■"^ ^^"^"" —•— ^.^ on ^i cirs •• «• •• •• ••«• o 

Aqueducts, flow through 54 

Area of circle . • .. .. .. .. .« .. .. 16 

irregular polygon 17 

regular polygon 16-17 

— semicircle 16 

segment of circle .. .. .. .. .. .. 16 

trapezoid .. ., ., .. ., .. ,, 16 

— triangle.. .. .. ., .. ., .. ., 16 

Bends, effect of, in pipes 31 

Box, gauge, discharge through .. 59 

Branch main pipes for services .. .. .. .. .. 40 

Bridge piers, coefSdents for .. 58 

Bridges, contractions in 58 

Canals, flow through 54 

"""^"^ 10CJK8 •• •• •» M » •• •« .« a. *i\j 

Cascade, horizontal distance, will leap 8-9 

Centre of gravity of circle 15 

— different shaped orifices ., 15 

polygon .. .. .. ,, ., .. ,, 16 

semicircle.. .. .. .. .. ., ,. 15 
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TAQM 

Centre of gravity of trapezoid .. 15 

—^triangle 15 

Channels, ooefficients for .. .. .. .. .. .. 54 

contraction, examples for .. •• .. .. .. 70-71 

long, discbarge from .. .. .. .. .. .. 54 

river, contractions in .. .. .. .. .. .. 57 

effect of velocity of approach on contraction in .. 57-^8 

short, discharge from .. .. .. .. .. .. 55-56 

Circle, area of .. .. .. .. .. .. .. .. 16 

— centre of gravity of . . . . . . . . . . 15 

Coefficients for bridge piers . . .. .. .. .. .. 58 

channels .. .. .. .. .. .. .. 54 

orifices in thin plates .. 17 

short level troughs 72 

short tubes 23-25-26 

submerged weirs .. .. .. .. .. .. 6 

weirs .. .. .. ,. .. .. .. .. 8 

Compound pipes, discharge of 32-33 

Contour lines, plan of . . . . . . . . . . 35 

Contraction by bridges 58 

in river channels .. .. .. .. .. .. 57 

effect of velocity of approach on . . . . . . 57-58 

— examples for 70-71 

in weirs, Francis' experiments 2 

of fluid vein for weirs .. .. .. .. .. .. 1 

-^— — ^— in orifices . . . . . , . , . . . . 17 

Culverts, discharge through 54 

Different length weirs, discharge from .. .. .. .. 7-8 

Discharge, actual, from notches of different forms . . . . 11-12 

weirs of different length . . . , . . . . 7-8 

of submerged weirs .. 5 

^"~~^~ ^""^^^ Ot WCITB <• •• •• •• •• •( 1 Ji 

through gauge boxes .. .. .. .. 59 

^^■^^ ■"— "~ — ^-^ jets •• •• •• •• •• •• 52— Oo 

long channels ,. 55-56 

partially submerged short tubes .. 24 

-^ short channels .. .. .. .. .. 55-^6 

tubes, unsubmerged 23 

siphon pipes .. .. .. ., .. 59 

— sluicegates 59 

submerged and partially submerged orifices .. 18 

unsubmerged orifices .. .. .. .. 14 
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PAOX 

Discharge, actual, through wholly submerged short tubes .. 24 

effect of velocity of approach on, oyer weirs . . S-5 

— through orifices .. .. .. 19 

short tubes .. 24-25 

Distance, horizontal, cascade will leap 8-9 

Distributing pipes in towns, discharge through . . . . . . 27 

Distribution, general remarks as to, in towns .. .. .. 47-48 

main pipes, loss of head in .. 37 

Division of supply .. .. .. ., .. .. .. 38 

Downing, Professor, rule for weirs 4 

Draught most rapid in towns .. .. .. .. .. 35 

Effect o£ bends in pipes .. .. .. 31 

velocity of approach oix contraction in river channels . . 57-58 

discharge of orifices 19 

— short tubes .. .. .. .. 24-25 

submerged weirs ,, .. .. .. .. .5 

unsubmerged weirs .. .. .. .. 3 

Entry velocity of, head due to, in channels 55 

^-^ in pipes .. .. .. .. .. 28 

Explanation of action of siphon .. .. 49-50 

Falling liquid, velocity of .. 1 

Fluid vein, contraction of, in orifices 17 

Force of gravity .. 1 

Forms, various, of pipes .. .. .. .. .. .. 32 

Formula 46 reversed 71 

FormulcB for miners engaged in sluicing, &o. .. .. .. 59 

Francis' rule for weirs with thin plates .. .. .. .. 2 

Friction between water and sides of a pipe 27 

"""^^^ in weirs •• •• •• •• •• •• •• •• x 

Ghite sluice, discharge through a .. .. .. .. .. 59 

Ghiuge box, discharge through a .. .. .. .. .. 59 

pressure .. .. «. .. .. .. .. 53 

Oeneral hydraulic inclination .. .. .. .. .. 34 

remarks as to water distribution in towns .. .. .. 47-48 

Gradients, hydraulic .. .. .. .. .. .. 32 

Oravity, centre of, of circle .. .. .. .. .. .. 15 

of different shaped orifices .. .. ». .. 15 

of polygon .. 16 

_ of semicircle .. .. .. .. .. .. 15 

oftraperoid •• .. •• .. .. .. 15 

— of triangle 15 



86 INDEX. 

FAQB 

QraTity, force of ^ 

yalne of foioe of 1 

Head due to velocity of approeoh in orifioes 19-24 

-^ weirs 4 

— entry in channels 55 

-^ — pipes 28 

— loss of^ in distribution main pipes ^ 

-»^ lost in all main pipes .. .. .. .. •• •• ^ 

— variable, orifices under .. .. .. •• •• 21 

time taken to empty a reservoir under .. .. 22 

virtual, to be given to pipes .. .. •• •• •• 35 

Height attained by jets 52 

-^ due to a given velocity 1 

Horizontal distance cascade will leap .. 8-9 

Hydraulic gradients .. .. .. •• 82 

inclination, general 84 

of pipes •• .. •• •• •• •• •• 28-29 

Inclination, hydraulic, general 84 

of pipes 28-29 

Inverted siphons 51 

Irregular polygon, area of « 17 

Jets, discharge from 52-53 

examples of .. .. 70 

-—— height attained by 52 

Laws regulating pipes 33-84 

Length different weirs discharge j&om 7-8 

Level short troughs, coefficients for 72 

Lines, contour plan of .. .. .. .. .. .. 85 

Liquid, falling velocity of 1 

liOcks .. .. .. .. .. •• .* .. •• 20-21 

Long channels, discharge from .. .. .. .. .. 54 

pipes, discharge from .. .. .. .. .. 27 

Loss of head in distribution main pipes 37 

Low velocities in pipes 30-31 

Main distribution pipes, loss of head in 37 

pipiSe from service reservoir .. .. .. .. .. 36 

Mains, sizes of distribution 39 

Meter, water 85 

Miners engaged in sluicing, formulae for .. 59 
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PAQB 

NotchesofyariouB forms, diflcharg^fiom .. .. .. .. 11-12 

Professor Thompson's fonnida for triaDgular .. ^. 12 

tnangulari advantage of 13 

Obstructions in river channels .. .. .. .. .. 57 

Orifices, contraction of fluid vein 17 

— different shaped, centre of gravity of 15 

effect of velocity of approach on .. .. .. .. 19 

— in thin plates, coejfficients for 17 

partially submerged, discharge through 18-19 

submerged, discharge through .. .. •• .. 18 

under variable head .. .. .. .. •• .. 21 

imsubmerged, discharge from . . .. .. •• •• 14 

— theoretical velocity through 14 

Partially submerged orifices, discharge through 18-19 

tubes, discharge through .. 24 

Piers, bridge, coefficients for, as obstructions .. .. •• 58 

Pipes, branch mains for services 40 

compound, discharge of .. .. .. •• •• 83 

distributing, discharge through .. .. •• •• 27 

effect of bends in .. 81 

friction between water and sides of 27 

head due to velocity of entry in .. 28 

hydraulic inclination of 28-29 

laws regulating 83-34 

leading main, from storage reservoir •• .. .. 42 

long, discharge through .. .. .. •• .. 27 

—^ main, distribution, loss of head in .. .. .. .. 37 

from service reservoir 36 

head lost in .. .. .. ,. ., .. 45 

-^ rectangular, discharge of , .. .. 32 

siphon, discharge from .. .. .. .. 49-^1^9 

— example for 66-69 

*— various forms of, discharge of .. .. .. ., 32 

—^ virtual head to be given to .. .. ., .. .. 35 

— with low velocities, discharge of 30-31 

Plan of contour lines 35 

Polygon, centre of gravity of 16 

—— irregular, area of 17 

regular, area of 16-17 

Practical depth siphon pipe will draw 51 

Pressure gauge 53 
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ProfesBor Downing^s rule for weirs 

Thompson's formula for discharge of triaDgular notches .. 



rAOK 

4 
12 



Quantity of water supply in towns 

Rapid, draught most, in towns 

Rectangular pipes, discharge from.. 

Regular polygon, area of . . 

Remarks, general, as to water distribution in town 

Reservoir seryioe, main pipe from 

storage, leading main pipe from .. 

time taken to empty, under variable head . . 

Resistance of bends .. 
River channels, contraction in 

effect of velocity of approach on . . 

Rivers, flow through 

Segment of circle, area of . . 
Semicircle, area of 

centre of gravity of 

Service reservoir, main pipe from .. 
Services, branch main pipes for 
Short channels, discharge from 

head for velocitv of entry, effect on 

level troughs, coefficients for .. 

tubes, coefficients for . . , 

— discharge through 

effect of velocity of approach on discharge of 

Sill of submerged weir below original surface 
Siphon, action of, explanation of . . 

inverted . . 

pipes, discharge of 

— examples for 

practical depth, will draw 

square pipes 

Sluice gate, discharge through 

valve, discharge of 

Sluicing, miners engaged in, formulsB for 
Square siphon pipes . . 
Storage reservoir, leading main pipe from 
Submerged orifices, discharge from 

partially, orifices, discharge from 

tubes, discharge from .. 



.. 31-35 

35 
32 
16 

.. 47-48 
36 
42 
22 
31 
57 

.. 67-68 
64 

16 

16 

15 

36 

40 

.. 54-56 

.. 65-56 

72 

23 

23 

.. 24-25 

.. 9-10 

.. 49-50 

51 

.. 49-59 

.. 66-^9 

61 

51 

69 

64 

59 

51 

42 

18 

.. 18-19 

24 
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PAGB 

Submerged tubes, discharge from .. .. .. .. .. 24 

weirs, coefficients for 6-7 

-— — discharge of .. .. *. .. .. .. 5 

effect of velocity of approach on . . . . . . 5 

sill of, below original surface to ensure given depth 

ftDove It •• •• •• •• •• •• •• •• t^Jiii 

Supply, division of, in towns .. .. .. .. .. 38 

Tables, see special Index to 90 

Theoretical velocity of water flowing over weirs 1 

through orifices .. ,. .. ., .. .. 14 

— shorttubes.. .. .. .. .. .. 23 

Thickness of crest of weirs, effect of. on coefficient . . . . 2 

Thompson's, Professor, formula for discharge of triangular notch 12 
Trapezoid, area of . . 

centra of gravity of 

Triangle, area of .. 

— — centre of gravity of • • . . .... 



Triangular notch, advantage of . . 

Troughs, short level, coefficients for 

Tubes, coefficients for .. .. .. .. . 

partially submerged, discharge through 

short, discharge through 

« — effect of velocity of approach on discharge of 

submerged, discharge through 



Valve, sluice, discharge of .. .. 

Variable head, orifices under 

time taken to empty a reservoir under 

Various forms of pipes 

Vein, fiuid, contraction of .. 

Velocities, low, in pipes 

Velocity, actual, of water fiowing over a weir 

approach, effect of, on oontraotions in river channels 

entry, head due to, for pipes . . 

height due to .. 

of approach, effect of, on submerged weirs 

on weirs 

effect on discharge of orifices 

-_ -^— short tubes 

of falling liquid 

theoretical, of water flowing over a weir 

— through orifices, unsubmerged 

Virtual head to be given to pipes . . 



16 
16 
16 
15 
13 
72 
23 
24 
23 
24-25 
24 

64 

21 

22 

32 

17 

30-31 

2 

57-58 

28 

1 

5 

3 

19 

24-25 

1 

1 

14 

35 
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Water meter, mode of reading the 

Weirs, coefficients for 

effect of velocity of approach on 

thickness of crest and form of weir basin 

of different length, discharge from 

——- submerged, coefficients for 

— — discharge of •• .. .. •• .. 

— ^ sill o^ below original surface to ensure given depth 



above it 

— nnsabmerged, discharge of 



FAOB 

65 

3 
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6-7 
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9-10 
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For Index to Work, see page 83. 

TABLE FAOB 

I. Discharge over a weir 12 inches wide 73 

II. Coefficients of discharge from square and differently pro- 
portioned rectangular orifices, in thin vertical plates .. 76 
m. Experiments on sluice gate on canal at Languedoo . . 78 
lY. Coefficients of discharge for short tubes with sqvMre edges 

next reservoir .. .. .. .. .. .. 79 

y. Coefficients of discharge for circular orifices in thin plates 80 

YI. Coefficients of discharge for square orifices in thin plates 81 
YII. Discharges from a short pipe of two diameters coming 

from a box * . . . . . . . . . . . . . 82 
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